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Ser: 191

17 May 1983

Commanding Officer
Distribution

Change 1 to NAVENVPREDRSCHFAC TR 82-03; forwarding of

(a) CINCLANTFLT 1tr 3100/FF1-2/N37A ser 2374 of 13
April 1982

ser 171 of 25 May 1982

(1) Change 1 to NAVENVPREDRSCHFAC Technical Report

82-03, Hurricane Havens Handbook for the North
Atlantic Ocean

1. The basic volume of NAVENVPREDRSCHFAC TR 82-03, which
contains Sections I-XI (less port of Newport, RI, Section IX),
was distributed to units of the U.S. Atiantic Fleet by refer-

ence (a) and to additional NAVENVPREDRSCHFAC addressees by
reference (b).

2. Enclosure (1) is hereby forwarded to all holders of the
basic volume as specified in the distributions of references
(a) and (b). Instructions for entering these change pages and

additional sections into the basic volume are provided as part
of enclosure (1).

3. Development of TR 82-03 by this command is a continuing
project; distribution of future port evaluations and/or other
changes will be made automatically to all holders of the

publication.
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CINCLANTFLT Distribution: Change 1, TR 82-03 1
e e e
SNDL ! "‘i?"’J
21A1 CINCLANTFLT (5) . o y !
22Aa1 Fleet Commander LANT (2) LAE "
23A1 Naval Force Coamander LANT (2) ‘.8 $%e .4 i

| 3381 Special Force Commander LANT (2) resty v

: 4A1 Naval Air Force Commander LANT (2)

‘ 24D1 Surface Force Commander LANT (2) Jdé/t%'j%?éqz:z?%aé/ }
24E Mine Warfare Command ’ {
24G1 Submarine Force Commander LANT (2) e o :
24H1 Fleet Training Command LANT . .

2401 Fleet Marine Force Command LANT ‘- : . i
26A1 Amphibious Group LANT (2) ) !
26E1 Amphibious Unit LANT (COMSPECBOATRON Only) /4
26H1 Fleet Training Group LANT (2) ;
260 Fleet Training Unit - . {
26V1 Landing Force Training Command LANT 7 ‘w$\ #
26W Cargo Handling and Port Group ol r
26DD1 Mobile Diving and Salvage Unit LANT e ;
26JJ1 Fleet Area Control and Surveillance Facility LANT \\jm,* 1
26QQ1 Special Warfare Group LANT b
26VVl Submarine Force Representative LANT }
26XX1 Oceanographic Unit LANT
26KKK1 Tactical Training Group LANT i
28A1 Carrier Group LANT
28B1 Cruiser-Destroyer Group LANT
28C1 Surface Group LANT
2801 Destroyer Squadron LANT
28G1 Mine Squadron and Division LANT
28J1 Service Group and Squadron LANT
28K1 Submarine Group and Squadron LANT
28L1 Amphibious Squadron LANT
28M Patrol Combatant Missile (Hydrofoil Squadr-.n)
29A1 Guided Missile Cruiser LANT (CG) (CGN)
29B1 Aircraft Carrier LANT (CV) (CVN) (2)
29C1 Destroyer LANT (DD), Less 931/945 and 963 Classes
29D1 Destroyer LANT (DD), 931/945 Class
29El Destroyer LANT (DD), 963 Class
29F1 Guided Missile Destroyer LANT (DDG)
29G1 Guided Missile Frigate LANT (FGG)
29H1 Frigate LANT (FF), Less 1040/1097 Class
291 Frigate LANT (FF 1098)
29J1 Frigate LANT (FF), 1040/1051 Class
29K1 Frigate LANT (FF), 1052/1077 Class
29L1 Frigate LANT (FF), 1078/1097 Class
29N1 Submarine LANT (SSN)
29Q1 Fleet Ballistic Missile Submarine LANT (SSBN)
29AA1 Guided Missile Frigate LANT (FFG) 7 Class and Fleet
Introduction Team
29BB Guided Missile Destroyer (DDG) 993 and 995
29DD Patrol Combatant Missile (Hydrofoil) (PHM)
30A1 Minesweeper, Ocean LANT (MSO)
30B Saudi Naval Expansion Program
31Al Amphibious Command Ship LANT (LCC)
31B1 Amphibious Cargo Ship LANT (LKA)
31G1 Amphibious Transport Doc LANT (LPD)
31H1 Amphibious Assault Ship LANT (LHA), (LPH) (2)
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32X1
32DD1
32EEl
32GG1
32KK
32QQ1
3277
408
41A
41B
41D
FA2
FA7
FAlOQ
FAl3
FAl18
FA24

Copy
21A2

21A3
22A3
28A2
29B2
31H2
50A
50C
51A
51D2
T100
T101
A3
B2

B5
C40

FD1
FD2
FD3
FD4
FD5
FD6
FFr3s8
FF44
FKAlA
FKR8C
FT35
PT43
rT73
31J1
3iMl
32al1
32C1
32G1
32H1
32N1
3291
3281

to:

e

Salvage Ship LANT (ARS)

Submarine Tender LANT (AS)

Submarine Rescue Ship LANT (ASR)

Fleet Ocean Tug LANT (ATF)
Miscellaneous Command Ship (AGF)
Salvage and Rescue Ship LANT (ATS)
Auxiliary Aircraft Landing Training Ship (AVT)
Control of Shipping Officer (LANT Only)
Commander, MSC

Area Commander, MSC (COMSCLANT Only)
Offices, MSC (Less PAC and I10)

Fleet Intelligence Center

Station LANT

Submarine Base LANT

Submarine Support Facility LANT
Amphibious Base LANT

Base LANT

CINCPACFLT

CINCUSNAVEUR

Fleet Commander EUR

Carrier Group PAC

Aircraft Carrier PAC (CV), (CVN)

Amphibious Assault Ship PAC (LHA), (LPH)
Unified Commands (CINCPAC and USCINCSO Only)

Subordinate Unified Commands (COMUSFORCARIB Only)

Supreme NATO Commands (SACLANT Only)
Western Atlantic NATO Commands

Masters of USNS Ships Operated by MSC (LANT Only)

Masters of USNS Tankers Operated by Commercial Contractors

Chief of Naval Operations (OP-64 and OP-952 Only)

Defense Agencies (Secretary, Joint Chiefs of Staff for

DDOES Only)
U.S Coast Guard (Less PAC Area)

COMNAVOCEANCOM Shore Based Detachments (FPO NY and CONUS

East Coast/Gulf Coast Only)
Oceanography Command (2)

Oceanographic Office

Fleet Numerical Oceanography Center
Oceanography Center (NAVEASTOCEANCEN 5 copies)
Oceanography Command Center
Oceanography Command Facility

Naval Academy

Naval War College

Air Systems Command HQ

Environmental Prediction Research Facility
Amphibious School (LANT Only)

Surface Warfare Officers School Command
Naval Postgraduate School

Dock Landing Ship LANT (LSD)

Tank Landing Ship LANT (LST)

Destroyer Tender LANT (AD)

Ammunition Ship LANT (AE)

Combat Store Ship LANT (AFS)

Fast Combat Support Ship LANT (AOE)
Oiler LANT (AO)

Replenishment Oiler LANT (AOR)

Repair Ship LANT (AR)
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NAVENVPREDRSCHFAC Distribution: Change 1, TR 82-03

CINCLANTFLT
NSAP SUL. ADV., CODE NOSE
NORFOLK, vA 23511

COMMANUER [N CHILIEF

ATTN: METEQRO. OFFICER
U.S. NAVAL FORCES, EUROPE
FPO NEW YORK 09510

CINCUSNAVEUR
NAVELEX DET.

ATTN: NSAP SCI. ADV.
BOX 100

FPU NEW YORK 095190

COMSECONDFLT
NSAP SCLENCE ADVISOR
£P0 NEW YORK 09501

COMSIATHFLT/COMFALRMED
SCIENCE ADV. OFFICE {03¢)
FPQ NEW YORK 09501

COMMANDER
U.S. NAVAL FORCES, CARIBBEAN
FPQ MIAMI 34051

COMMANDER

NAVAL AIR FORCE

U.S. ATLANTIC FLEET

NSAP SCIENCE ADVISOR {30F)
NORFOLK, YA 23511

COMNAVSURFLANT
NSaP SCI. ADV. (NODOD9)
NORFOLK, VA 23511

BRITISH EXCHANGE OFFICE
COMNAVSURFLANT STAFF
CODE N615 (AAw OFFICER)
NORFOLK, VA 23511

BRITISH EXCHANGE OFFICE
COMSTRKFLTLANT
FPO NEW YORK 09051

COMMANDER

NAVAL SURFACE FORCE

U.S. PACIFIC FLEET

NSAP SC1. ADV. (005/N6N}
SAN OIEGO, CA 92155

COMMANDER

MINE WARFARE COMMAND
N5AP SCI. ADV. CODE 007
CHARLESTON, SC 29408

COMSUBFORCE

U.S. ATLANTIC FLEET
NSAP SC1. ADYV. (013)
NORFOLK, ¥A 23511

BRITISH EXCHANGE OFFICE
STAFF OF COMMANDER

S/M DEVELOPMENT SQON 12
NAVAL S/M BASE, MEW LONDON
GROTON, CT 06340

COMMANDER

OPTEVFOR LANT

NSAP SCIEMCE ADVISOR
NORFOLK, VA 23511

OFFICER IN CHARGE

TEST & EVAL. FORCE DET.
NEW LONDON LABORATORY
NEW LONOON, CT 06320

COMMANDER

SURFACE WARFARE DEVEL. GROUP
NAVAL AMPHIBIOUS BASE

LITTLE CREEK

NORFOLK, VA 23521

COMMANDING OF - 1LtX

ATTN: 31

OCEANO. DEVEL. SQUN. B-ViN-8
NAVAL AIR STATION

PATUKENT RIVER, MD 2Ub70

COMMANDING OFF ICER

AIR TEST & EVAL. SUDN. t-vx-l
NAVAL AIR STATION

PATUXENT RIVER, MD 20670

COMMANDING GENERAL {(G&)
FLEET MARINE FORCE, ATLANTIC
NSAP SCIENCE ADVISOR
NOPFOLK, VA 23511

COMMAND ING GENERAL

2ND MARINE AJRCRAFT WING
MARINE CORPS AIR STATION
CHERRY PY., NC 28533

CINCLANT
NAVAL BASE
NORFOLK, VA 23511

SACLANT
ASW RESEARCH CENTER
APQ NEW YORK 09019

SURFACE EFFECTS SHIPS
PROJECT OFFICE

{PMS 304-30)

BOX 34401

BETNESOA, MD 20084

DEPUTY SACLANT
HQ SACLANT, C-01
NORFOLK, YA 23511

MG SACLANT, C-331
NORFOLK, VA 23511

SENIOR Uk GOVERNMENT
QUALITY & SAFETY QFFICER
(SPss1), AIR FORCE
EASTERN TEST RANGE

CAPE CANAVERAL, FL 32925

BRITISH NAVY STAFF (2)
P.0. 80X 4855
WASHINGTON, DC 20008

BRITISH OEFENCE STAFF
BRITISH EMBASSY

3100 MASSACHUSETTS AVE., N
WASHINGTON, DC 20008

SPECIAL ASST. TO THE ASST.
SECNAY (R&D)

ROQM 4E741, THE PENTAGON

WASHINGTON, DC 20350

CHIEF OF NAVAL RESEARCH {2)
LIBRARY SERVICES, CODE 734
RM. 633, BALLSTON TOWER #1
800 QUINCY ST.

ARLINGTON, VA 22217

CHIEF OF NAVAL OPERATIONS
(0P-622C) NAVY DEPT,
WASHINGTON, DC 20350

COMMANDANT

MARINE CORPS HDQ.
U.S. MARINE CORPS
WASHINGTON, OC 20380

CHIEF, ENV, SYCS. DIV.
0JCS {J-33)

RM. 2877x, THE PENTAGON
WASHINGTON, OC 20301

LAl f Uf NAVAL UPERATIONS
NAVY JEPT,, 0P-986
WASHINGTON, DC 20350

CHIEF OF NAVAL OPERATIONS
DR. R. W. JAMES, 0P-95201
U.S. NAVAL OBSERVATORY
34TH & MASS. AVE., NW
WASHINGTON, DC 20390

CHLEF OF NAVAL OPERATIONS
OR. RECHNITZER, OP-952F
U.S5. NAVAL OBSERVATORY
36TH & MASS. AVE.
WASHINGTON, DC 20390

DET. 2, HQ, AWS
THE PENTAGON
JASHINGTON, DC 20330

NAVAL DEPUTY TQ THE ADMIN.
NOAA, RM, 200, PAGE BLDG. [ 2%
3300 WHITEHAVEN ST. NW
WASHINGTON, DC 20235

OFFICER [N CHARGE
NAVOCEANCOMDET
MONTEREY, CA 93940

COMMANDING OFFICER
NAVAL RESEARCH LAB
LIBRARY, CODE 2620
WASHINGTON, DC 20390

COMMANDING OFFICER

GFFICE OF RAVAL RESEARCH
EAST/CENTRAL REGIONAL OFFICE
8L0G. 114 SECTION D

459 SUMMER ST.

BOSTON, MA 02210

COMMANDING OFFICER
NORDA, CODE 101

NSTL STATION

BAY ST. LOUIS, MS 39529

COMNAVOCEANCOM

J. W. OWNBEY, COOE N542
NSTL STATION

BAY ST. LOUIS, MS 39529

COMMANDING OFFICER
NAVOCEAND, LIBRARY

NSTL STATION

BAY ST. LOUIS, MS 39522

COMNAVOCEANO

S. HAEGER, CODE 7122
NSTL STATION

BAY ST. LOUIS, MS 39522

CAATRMAN
OCEANOGRAPHY DEPT.
U.S. NAVAL ACADENY
ANNAPOLIS, MD 21402

PRESTDENT

NAVAL WAR COLLEGE

ATTN: GEOPHYSICS OFFICER
NEWPORT, R1 02840

COMMARDER

NAVAL SAFETY CENTER
NAVAL AIR STATION
NORFOLX, VA 23511

COMNAVAIRSYSCOM {2)
ATTN: LIBRARY, AIR-00D4
WASHINGTON, DC 20361

COMNAYAIRSYSCOM
ALR-330
WASHINGTON, DC 20361
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CIMMANDER

NaVA ROV N

NTTND N MalMuioa N s
AARMINSTER, PA (5974

CUMMAND NG OFF ik
YEaPGRT _MpURATURY
NAYAL JNSERWATZR 3Y>,
NEWPORT, ] 02440

LthNTIa

COMMANDER

NAVAL wEAPUNS [zNTcR
ATIN: DR, A, SH_ANTA
CHINA CARE, CA 93332

CUMMANDER
NAVAL SHIP RSCH.
CopE 5220
BLETHESDA, MD 29uds

& Oiveo. CEN.

COMMANDER

NAVAL SHIP R3{H. & OJEVEL. CJEN.
SURFACE SHIP DYNAMICS BRANCH
ATTH: S. BALES

BETHESDA, MO 20034
COMMANDER
NAVAL SURFACE WwEAPQHS CENTER

DAHLGREN, VA 22448
OIRECTOR

NAVY SCIENCE ASST. PRQGRAM
NAVSURFWEACEN, WHITE DAKS
SILVER SPRING, MD 20910

CIVIL ENGINELERING LAB/NCBL

ENERGY PRUOGRAM OFFICE (LO3AzA
PORT HUENEME, CA 93043
COMMANDER

NAVAL AIR T¢ST CENTER
PATUXENT RIVER, MD 20679
COMMANDER

PACMISTESTCEN

GEOPHYSICS OFFICER, CODE 3¢5
T, MuGuy, CA 93042

CHIEF OF NAVAL EDUCATION &
TRAINING

NAVAL AIR STATION

PENSACOLA, Fi 32594

CHIEF OF NAVAL AR TRAINING
NAVAL AIR »TaTJdn
CORPYUS CHRISTL, T4 74459

AMER AN MET: URD, HuLl-Ty
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CIMMANG NG GENERAL

N3SAP SCT. ADV., FLEZT MARINE
FORCE, ATLANTIC (G4,

NORFOLK, VA 23511

CUMMANDER
AWS/ON
SCOTT AFb, IL 62ied
USAFETAC/T>
SCOTT AFB, L 62275
SUPERINTENDENT

ATTN: JSAFA {DEG;

USAF ACADEMY, CQ 80840

33woTn TECH. TRNG GROUP
TTGU-w/STOP 623
CHANUTE AFB, IL 61868

AFGWC/DAPL
JFFUTT AFB, NE b8il3
AFGL/LY
HANSCOM AFg, MA Q17314
UFFICER Y CHARGE
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t
dLovuiR, VA cJyby
Jixt L TUR il
DEFENS: TECH, INFu, CENTER
CAMERON STAT]UN
ALEAANDRIA, VA ¢2314 ,

DIRECTUR
QFFICE UF ENvV, & LIFE SCIENCES
GFFICE uf THE uNDERSEC OF
DEFENSE FOR RSCH & ENG (E&LS)
ROOM 30129, THE PENTAGON
WASHINGTON, DC 20301

CENTRAL
ATTN:
WASHINGTON,

INTELLIGENCE AGENCY
QUR STANDARD 0157,
DC 20505

UDIRECTOR !
TECHANICAL INFORMATION

DEFENSE AQVANCE RSCH PROJECTS

1400 WIiL50N BLVD.

ARLINGTON, VA 22209

COMMANDANT
U.S. CUAST GUARD
WASHINGTON, OC 20226

CHIEF, MARINE SCIENCE SECTION
U.S. COAST GUARD ACADEMY
NEw LONDON, CT 06320

COMMANDING OFF JCER
JSCG RESTRACEN
YORKTOWN, VA 23690

COMMAND ING QFF [LER
USCE RSCH & DEVEL CENTER
GROTUN LT U634y

MINISTRY OF JEFENCE
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CMMAIND NG OFFICER 3

L BUWEN FE-luTun
P MIAMD dUYU

COMMANDING OFFICER
i.5 RAY _3%N-003
FPy MiaMl 33090

CUMMAND ING OFFICER
US> BONEFISH (55-5821
FPO MIAMT 34090

COMMANDING OFFICER 4}
:$y Ro K. TURNER (CG-20)
FPG MIAMI, FL 34093

COMMANDING OFFICER (20)
NAVEASTOCEANCEN {(N.E. SMITH}
FLEET LIAISON SUPPORT

MCADIE BLDG (:U-117)

NAVAL AIR STATION

NORFOLK, VA 23511

COMMANDER

NAVAL A[R SYSTEMS COMMAND
AIR-00D4 (H. GRICE)
WASHINGTON, 0C 20361

OFFICER IN CHARGE
NAVOCEANCOMDET
ATTN: B. L. WALLACE
FEDERAL BUILDING
ASHEVILLE, NC 28801

COMNAVOCEANO

T. R. FRONTENAC

CLDE 7122, NSTL STATION
BAY ST. LOUIS, MS 39522

OFFICER IN CHARGE (2}

PERSONNEL SUPPORT ACTIVITY
DETACHMENT

NAVAL WEAPONS STATION

CHARLESTON, SC 29408

DIRECTOR, CODE 41
MANAGEMENT PLANNING DIV,
NAVAL SUPPLY CENTER
CHARLESTON, SC 29408

DIRECTOR (2)
LOGISTICS/SUPPLY DEPT.
FLEMINEWARTRACEN

NAVAL BASE, BLDG 647
CHARLESTON, SC 29408

COMBAT SYSTEMS OFFICER (2)

CODE 190, CHARLESTON NAVAL
SHIPYARD, NAVAL BASE

CHARLESTON, SC 29408

COMMANDER (25)
Tst COAST GUARD DISTRICT
150 CAUSEWAY ST,

BOSTON, MA Nn2114

COMMANDER (25)
8th COAST GUARD DISTRICT
HALE BOGGS, 500 CAMP ST,
NEW ORLEANS, LA 70130
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Jtfrnst MAPFING AGENLY

ATTN: M. o w. rACTEA
NAVIGATION DErT,
HYDRUGRAPHIL/TUP . ctNTEW
WASHINGTON, D0 "iils

MARINE UBSERVAT[ON PRUGRAM
LEADER

ATTN: J. w. NICKRERSUN

NWS/NOAA, GRAMAX ELDG.

8360 13TH STREET

SILVER SPRING, MD 20910

NATIONAL WEATHER SEWRVICE {6
MARINE SERVICES BRANCH WllZ
GRAMAX BLDG. ROM 1213

SILVER SPRING, MD 20910

NATIONAL WEATHER SERVICE
METEQROLOGICAL SERVS. DIV.
585 STEWART AVE.

GARDEN CITy, NY 11530

NATIONAL WEATHER SERVICE
SCIENTIFIC SERVICES OIV.
585 STEWART AVE.

GARDEN CITY, NY 11530

NATIONAL WEATHER SERVICE
METEQROLOGICAL SERVS. DIV,
819 TAYLOR ST., RM 10E09
FT. WORTH, TX 76102

NATIONAL WEATHER SERVICE
FORECAST OFFICE, NOAA

FEDERAL BLDG.

P.0, BOX 3563

PORTLAND, ME 04104

NATIONAL WEATHER SERVICE

FORECAST OFFICE, NOAA
GENERAL AVIATION ADMIN BLDG
LOGAN INTERNATIONAL AIRPORT
EAST BUSTON, MA 02128

NATIONAL WEATHER SERVICE
FORECAST OFFICE, NOAA

30 ROCKEFELLER PLAZA

NEW YORK, NY 10020

NATIONAL WEATHER SERVICE
FORECAST QOFFICE, NOAA
FEDERAL BLDG., RM 9258
600 ARCH STREET
PHILADELPHIA, PA 19106

COMMANDER (2%9)
tr 1 COAST GUARD DISTRICT
GAVERNORS ISLAND

WEW OYORY, NY 10004
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N, RGwN BLDG, SUlTE 00

SAN ANTUNLG, T 75209

NATIONAL HURRICANE CENTER I
NWwS/NOAA

GAB(ES ONL TOWER, RM 6121

1320 S. DIXIt HIGHWAY

CORAL GABLES, FL 31146

UNIVERSITY OF WISCONSIN
SPACE SCIENCE & ENG. CENTER
ATTN: JAN-HWA CHy

1225 w. DAYTON STREET
MADISON, Wl 53706

COMMANDER, DET. 10
20 WEATHER SQDN (MAC!
EGLIN AFB, FL 32542

DAVID T. BERNARDINI
BOX 446 AUTEC
FPO MIAM] 34058

BENDIX FIELD ENGINEERING CORP.
MARINE SCIENCE SERVICES

ATTN: W. HACK

P.0. BOX 2205

SOuTH HACKENSACK, NJ 07606

UNION CARBIDE CORP.
ATTN: F. W, WYATT
P.0. BOX 4488
CHARLESTON, WV 25304

MR. MOTOHIRO MIYAZAK!
1-11 MYOHOJI-TAKEMUKAL
SUMA-KU, KOBE 658
JAPAN

MR, RICHARD GILMORE
1530 w. COUNTRY CLUB LANE
0AK HARBOR, WA 98277

COMMANDER {25)
5th COAST GUARD DISTRICT
FEDERAL BLDG, 431 CRAWFORD
PORTSMOUTH, VA 23705

COMMANDER (22)
7th COAST GUARD DISTRICT
FEDFRAL BLDG, 5! SW FIRST
MIAMI, FL 33130
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MARING & ARTA SoieNeesy o idRARY

NUAA, Jt?T. UF IMME R

RUURy [out, MU sy

NUAA

GCEANDGRAPHLIL SERVILZY Jiv.
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INTRODUCTION

CAUTION:

None of the deep-water harbors evaluated in Sections lI-XVII possess
the exceptional qualities needed to safequard ocean-going vessels
from damage in a "worst-case" direct hurricane strike.

Tne impact of a hurricane strike at a particular port varies widely and can,
to some degree, be forecast according to the particular threat's circumstances.

This handbook provides guidance on assessing a particular hurricane threat
in such a way that a reascnable choice can be made between two options -- remaining
in port or putting to sea -~ with this decision based on a reasoned comprorise
between a harbor's protective qualities . and unnecessary, wasteful sorties.

Tnis handbook is not dedicated exclusively to vessels located at the ports
evaluated as hurricane havens in Sections [I-XVII, The general guidance provided in
Section I will be of value in the decision-making processes aboard ships threatened
by nhurricanes at other non-evaluated ports or at sea in the North Atlantic Ocean
and Guif of Mexico.

Locations cof evaluated ports are shown in the figure below, Roman numerals on
the locator map correspond ti the numerals designating handbook sectiaons/ports,

! T

PORT
11 NORFOLK, VA
111 CHARLESTON, SC
v REY WEST,FL
e MAYPORT, FL
VI KINGS BAY,GA
28! MOREHEAD CITY,NC
VIII  NEW LONDON,CT
Ix NEWPORT,RI
X PENSACOLA, FL
X1 GULFPORT,MS
o X11 NEW ORLEANS, LA
30 “| XII1  PORT ARTHUR,TX
X1V TAMPA, FL
XV BOSTON, MA
XV 1 NEW YORK,NY
XV11l  PHILADELPHIA,PA

] )

i

: +
!

Ports evaluated in Sections II-XVII,

Change 1 vii
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X1 NEW ORLEANS. LOUISIANA

SUMMARY

New Orleans’' location 1n the hurricane belt, and the
absence of sheltered facilities and anchorages, render 1t a
poor hurricane haven. It 1s recommended that deep draft
vessels evade at sea when New Orleans 1s threatened by
hurricane force winds (greater than 63 kt}). Early threat
assessment 1s absolutely essentital due to the distance that
must be traveled to reach open water (as much as 135 miles)
and to the 1imited number of evasion routes 1n the Gulf of
Mex1co.

Advice to small craft 15 to remove from the water.
Otherwise, seeking shelter 1n the Pearl River on the
Louisiana-Mississippi border 1s recommended. Little shelter
from wind or t1dal surge 1s available at the Port of New
Orleans.

New Orleans 1s the largest port 1n the United States
and the third largest in the world. It 1s an extrenely busy
shipping terminal that handles vessels witn dra”.s to 40 ft
as well as amultitude of smaller vessels engaged 17 2
variety of marine transportation and service dctivities,
River barge traffic 1s particularly evident as New Orleans
15 the southern terminus of the Mississippr River navigation
system.

History has demonstrated that the hurricane season
poses & real and serious threat to marine activities at New
Orleans. New Orleans has been affected by tropical cyclone
activity at an average frequency of 1.2 events per year.
One out of 7 tropical storms/hurricanes passing within
180 n m1 of New Orleans has caused sustained winds greater
than 33 kt 1n the New Orleans area. One out of 15 troprical
storms/ hurricanes has caused winds qusting to hurricane
force (64 kt or greater),

The hurricane season extends from late May through
early November, with September being the major threat month,
The principal threat to New Orleans 1s from tropical
cyciones approaching from the southeast, south, or south-
west. Eighty percent of all tropical cyclones entering the
180 nm1 cratical area 1n the 109 year period of 1871
through 1979 approached from these directions.

This hurricane haven evaluation was prepared by
R.,D, Gilmore ~ Ocean Data Systems, Inc, (ODSI),
Monterey, CA 31940,

Change 1
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NEW ORLEANS. LA

1. GEOGRAPHIC LOLATION AND TOPOGRAPHY

As shown 1n Figures XII1-1 and XI1-2, the Port of New Orleans 1s located on
both banks of the Mississippir River in the southeast section of Louistrana. The
lower and upper limits of the Port are approximately 81 and 115 m1iles above Head
of Passes, a common reference point on the Mississippy River which 1s located at
the junction of Southwest Pass and South Pass, the two main channels leading to
the Mississippy River. Head of Passes 1s 20 miles above the seaward entrance to

Southwest Pass (Figure XII-3).

The banks of the Mississi1pp) River comprise the highest terrain i1n the
area, with much of the developed land area along the river actually being below
sea level. An elaborate levee system has been constructed by the U.S. Army
Corps of Engineers to protect low ly:ng areas from flooding.

N g
5o
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; 3
LAKE <7
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Figure XII-1, Mississippi River delta.
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NEW ORLEANS, LA

The Port of New Orleans can be reached from the Gulf of Mexico by two main
routes. The first, and primary, route 15 via the Mississippl River, which may
be accessed by ships using Southwest Pass or South Pass (Figure XII-3). A
Federal project provides for a 40-ft channel over the bar and through Southwest
Pass, and a 17-ft channel over the bar and through South Pass, to Head of
Passes. The project further provides for a 40-ft channel from Head of Passes to
New Orleans (U.S. Department of Commerce, 1980).1

A second route to the Port of New Orleans ts via the Mississippr River-Gulf
Qutlet Canal (Figure XII-3), a 66-m1le channel that extends northwest from deep
water 1n the Gulf of Mex1co to the Inner Harbor Navigation Canal at New Orleans.
The Federal project provides for channel depths ranging from 36 to 38 ft. Final
access to the Mississipp1 River 1s via a 640-ft lock at New Orleans. Sill depth
at the lock 1s 31.5 ft at low water (U.S. Department of Commerce, 1980).2

There are no bridges or cables across the Mississippy River below New
Orleans, but two bridges cross the river at New Orleans. A high level fixed
highway bridge connecting Algiers and New Orleans, 0.6 mile above Canal Street,
has a clearance of 150 ft over a central 750-ft width. The Huey P. Long Bridge,
a combined highway and railroad bridge crossing the river 9.6 miles above Canal
Street, has a clearance of 135 ft for a channel span width of 500 ft (U.S.
Department of Commerce, 1980).

One bridge and two cables cross the Mississippir River-Guif Qutiet Canal
below the junction with the Inner Harbor Navigation Canal at New Orleans. The
Paris Road Bridge, a fixed bridge with a clearance of 135 ft, 1s located about
4.3 miles east of the junction with the Inner Harbor Navigation Canal. The
overhead power cables across the canal near the Paris Road Bridge have a
clearance of 170 ft (U.S. Department of Commerce, 1980).

2. PORT AND HARBOR FACILITIES
2.1 BERTHS FOR DEEP DRAFT VESSELS

The Port of New Orleans has more than 180 piers and wharves located on both
sides of the Mississipp1 River, the Inner Harbor Navigation Canal, and the
Mississippy River-Gulf Outlet Canal. In addition, over 100 additional facili-
ties for small vessels and barges are located on adjacent waterways. Approxi-
mately one-half of the deep-draft facilities are for public use and operated by
the Board of Commissioners of the Port of New Orleans. Alongside depths on the
Mississipp1 River facilities generally equal or exceed 30 ft, and deck heights
average 22 ft. Some alongside depths and deck heights are less.

leontact the New Orleans Distract, Corps of Engineers, for controlling depths.

Zs5ee Notice to Mariners and latest editions of charts for controlling depths.

X11-4
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| NEW ORLEANS. LA

The praimary reason for the unusually high deck heights 1s the variation 1n i
water levels of the river. At New Orleans the extreme difference between high
and low stages of the river 1s 20 ft with the mean difference near 14 ft. The
average dates of high-river stage and low-river stage occur 1n April and October
respectively. lero on the Carrollton river gage (near mile 103) 1s Mean Sea {
Level (U.S. Department of Commerce, 1980).

Alongside depths and deck heights for facilities on the Inner Harbor
Navigation Canal, the Mississipp) River-Gulf Outlet Canal, and adjacent
waterways have li1ttie uniformity. Complete detairls of berthing facilities at
the Port of New Orleans are to be found 1n Port Series No. 20 published 1n 1981
by the U.S. Army Corps of Engineers. The publication also provides detairls of
55 diesel-operated tugs, ranging from 750 to 4,000 horsepower, used for docking

i 3 o

and undocking vessels on the Mississippi River.

Facilities at Naval Support Activity, New Orleans are located near mile
92.8 on the river (Figure XII-4) where the Navy maintains a 374-ft prer on the
west bank. With a deck height of 20 ft and an alongside depth of 35 ft, the
pier 1s normally occupied by the USS Williram C. Lawe (DD-763). Several U.S.
Navy small craft uti1lize facilities located on the shore (south) side of the

sinadinle s ialicn,

east end of the mawin pirer structure.

e
~
U3, NavY PR gy
»
NAVAL SUPPORT
acTviry
NEW ORLEANS
SCME OF FREY
9 e L] 1909
0 " 1
'

Figure XII-4. Location of U,S. Navy
Pier facilities on Mississippi River.
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NEW ORLEANS. LA

The U.S. Government also owns and operates the Poland Street Wharf on the
east bank of the river opposite the Naval Support Activity pier just described.
The Poland Street Wharf has a 2,193-ft face with alongside depths of 32 to 75
ft, and a deck height of 25.5 ft. It is used primarily by the Military Sealift
Command, bu* a section of the pier 1s leased to a private steamship corporation.

2.2 HEAVY WEATHER FACILITIES AND ANCHORAGES

The Port of New Orleans offers little shelter from heavy weather. The
winding course of the Mississippi River makes some portion of the port
vulnerable to wind regardless of direction. The low elevation of the
surrounding terrain eliminates any protection that orographic features usually
provide, so the only barriers to wind flow are the buildings at or near the
piers.

Anchorages for large vessels i1nclude the Southwest Pass Anchorage located
southeast of the entrance to Southwest Pass, South Pass Anchorage located
northeast of the entrance to South P.ss, and the Mississippi River-Gulf Qutlet
Canal Fairway Anchorages located east and north of the Mississippi River-Gulf
OQutlet Approach Light Horn Buoy. These anchorages are 1ndicated by letters "A"
through "D" respectively on Figure XII-3. There i1s a 4.5 mile long anchorage
off the west bank of the Mississippt River opposite Pilottown (1.7 miles above
Head of Passes) for vessels which cannot proceed to sea because of fog at the
Gulf entrances to the passes, or are unable to proceed upriver for the same or
any other reason (U.S. Department of Commerce, 1980).

DMA Map 11368 specifies a quarantine anchorage on the west bank of the
Mississipp)r River at mile 91 above Head of Passes, and a general anchorage at
mile 90,

Temporary anchorages may periodically be prescribed between Head of Passes
and mile 223 above Head of Passes by the U.S. Coast Guard District Commandant
(U.S. Department of Commerce, 1980). Several such anchorages are i1ndicated on
the DMA map series for the Mississippi River. Although the river anchorages
have mud-bottom with generally good holding qualities, none are recommended as
heavy weather anchorages due to heavy river traffic and restricted navigation
room 11n the river channel. If heavy weather anchoring 1s i1ndicated, 1t should
only be considered for heavily ballasted vessels in designated areas on the
widest portions of the river.

As specified by Captain of the Port New Orleans Information Bulletin No.
26A, 1 June 1982, and in accordance with Title 33 Code of Federal Regulations
(CFR) 165 (Safety Zones), the following areas are designated as Safety Zones
upon implementation of Hurricane Condition Four -- hurricane winds possible
within 72 hours; vessels are not to be moved or anchored:
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(1) Within the Mississipp1r River:

Within 500 ft of any water 1ntake.
The forebays or tairlbays of all locks.
The lower 400 yards of the New Orleans General Anchorage.
(2) Within the Inner Harbor Navigation Canal:
On both the east and west banks, approximately 100 yards south
of Florida Avenue Bridge and 50 ft channelward.
On the West Bank, south of the Seabrook Bridge approximately
200 yards, and 50 ft channelward.

(3) wWithin Lake Ponchartrain (for commercial marine traffic only)

Tugs are normally used for assisting 1n docking, undacking, towing 1n the
harbor and canals, and towing to sea. Two tugs must be emplioyed on all towing
to and from drydocks and should be employed on all ships towed around Algiers
Point when the traffic li1ghts are operating, and by large vessels going through
the Inner Harbor Navigation Canal (U.S. Department of Commerce, 1980). Tugs are
generally in plentiful supply, but 1n view of likely increased demand when heavy
weather 1s expected, arrangements for tug services should be made as early as
possaible.

In the event of damage, complete facilities are avairlable for making
repairs to hulls and machinery.

2.3 FACILITIES FOR COASTAL AND IN-SHORE VESSELS

The Port of New Orleans 1s generally free of pleasure boats and commercial
fishing boats. Most of these type vessels utilize the docks and marinas
located away from the Port area on Lake Ponchartrain, and on numerous small
canals and bayous that permeate the entire Mississippil River delta area.

Coastal shipping vessels are accommodated in the Port of New Orleans at the
many facilitres constructed for that purpose. Docking, bunkering, repairs,
food, water, 1ce and marine supplies are all available.

The Naval Support Activity can provide, or arrange for, all necessary
facilities for supporting U.S. Navy vessels visiting or stationed at New
Orleans.

3. ANALYSIS OF THE TROPICAL CYCLONE THREAT AT NEW ORLEANS
3.1 INTRODUCTION

By examining relevant characteristics of tropical cyclones such as track,
speed of movement, 1i1ntensity, month of occurrence, etc., some 1nsight may be
gained 1nto their typirca) behavior. This background knowledge and understanding
allows attention to be focused on those storms most likely to have a serious
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effect on New Orleans. However, the historical behavior of storms and their
impact on New Orleans should not be regarded as a reli1able guide to the detailed
behavior and wmpact of a particular storm as 1t approaches the port.

3.2 CLIMATOLOGY

For the purpose of this study, any tropical cyclone approaching within
180 n m1 of New Orleans 1s considered to represent a threat to the port.

The outstanding feature of the U.S. Gulf Coast regiron 1s 1ts location on
the north shore of the Gulf of Mexico and 1ts orientation perpendicular to
normal tropical cyclone tracks as they move more or less northward out of the
tropics. Also of 1mportance 1s the region's position between 25 and 30 degreecs
north latitude; this 1s within the normal locus of tropical cyclone recurvature,
which oscillates between latitudes 25N and 35N during the tropical cyclone
season. This latter factor 1s significant since 1t 1s the character of tropical
cyclones to slow and 1ntensify during the recurvature stage. During this phase
of the tropical cyclone 1i1fe cycle, 1t 1s difficult to predict with great
accuracy the rate of recurvature, the storm speed of movement subsequent to
recurvature, and obviously the storm's precise future position at a point 1n
time.

The hurricane season along the Gulf Coast 1s late May through early
November. During the 109 year period between 1871 and 1979 there were 134
troprcal cyclones that met the 180 nm1 threat criteria for New Orleans, an
average of 1.2 per year. Table XII-1 shows the monthly totals and percentages.
These data are graphically presented in Figure XII-5.

Table XII-1. Monthly totals of tropical cyclones passing within
180 n m1 of New Orleans during the period 1871-1979.

Month Number % of Total
May 2 1.5
June i1 8.2
July 15 11.2
August 24 17.9
September 59 44,1
October 22 16.4
November 1 0.7

Figure XII-6 11lustrates 128 events as a function of compass octant from
which tropical cyclones have approached New Orleans.* The numbers 1n
parenthesis represent the percentage of cyclones from the sample approaching
from a particular octant. This figure shuows that the major threat sector
extends from the southeast through the southwest.

*Some tropical cyclones developed within 180 n m1 of New Orleans, so an approach
direction 1s therefore not included for those storms,
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Figure XII-5. Seasonal distribution
of tropical cyclones passing within
180 n mi of New Orleans, May-
November (based on data from the
period 1871-1979).

Figure XII-6, Directions of
approach of tropical cyclones
that passed within 180 n mi
of New Orleans during the
period 1871-1979., Numbers of
storms approaching from each
octant (e.g., 43) and percent
of the total approaching
from that octant (e.g., 34%)
are shown,
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It s significant to note that a small number of tropical cyclones
developed within a 180 n m1 radius of New Orleans. Three developed quickly 1nto
hurricanes while 1n the threat area.

Records of tropical cyclones passing through the 180 n m1 critical area
during the 80 year period for which cyclone 1ntensity data are available are

tabulated 1n Table XI1-2 by intensity and month of occurrence. Of the 102 such
occurrences 1t can again be seen that September 1s by far the principal threat
month 1n terms of numbers of tropical cyclones affecting New Orleans. October
and November, however, have a slightly higher percentage of the more dangerous
classes of storms {12 out of 15). Overall 72 out of 102 tropical cyclones (71%)
affecting New Orleans 1n this century were 1n the strong (over 47 kt) category.

Table XII-2. Classification of 102 tropical cyclones which passed
within 180 n m1 of New Orleans during the 1900-1979 period.

Max imum May- Oct.-
Intensity* June July Aug. i Sep. Nov. Totals
Hurrticane 2 i 3 r 9 21 5 40
T
Intense .
Tropical 5 3 2 ib5 7 32
Storm
4
teak
yropical 3 3 5 6 2 19
Storm l
Tropical h ] 3 ) 4 ] 11
Depression
TOTALS 11 12 18 46 15 102

*Intensity values reflect the maximum 1ntensity while 1n the final
approach phase of the tropical cyclone track. Upper limit of a Weak
Tropical Storm 1s 47 kt.

Figures XII-7 through XII-11 are statistical summaries of threat
probability for the years 1871 through 1979. These summary data are presented
wn five charts, each representing data encompassing specific periods during the
year: tropical cyciones occurring during May and June, July and Augusti,
September, October and November, and all tropical cyclones of record during the
109-year peraod.

The solid lines 1n these figures represent the "Percent Threat" for any
storm location. The dashed Tines represent approximate approach times to New
Orleans based on the climatological approach speed for a particular location.
For example, i1n Figure X1I-7, a tropical cyclone located over the northwest
corner of the Yucatan Peninsula has a 40% probabil1ty of passing within 180 n m»
of New Orleans and will reach New Orleans 1n 72 to 96 hours (3 to 4 days).
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Figure XII-11, Annual probability and CPA curves for all
tropical cyclones passing within 130 n mi (shaded circle)
of New Orleans, based on data from 1871-1979,

The average speed of advance for all tropical cyclones with winds of at
least 34 kt that have threatened New Orleans 1s 8 kt, with a 7 kt speed evident
1n June and July 1ncreasing to 10 kt during October and November (Neumann and
Prysiak, 1981).

A comparison of the figures suggests some distinct differences 1n threat
ax1s according to time of year. ©Early in the season {(May and June, Figure
XII-7) the main threat to New Orleans 1s a track from just south of Jamaica
northwest across the western tip of Cuba to the central Gulf of Mexico then
northward to New Orleans. A secondary threat axis extends from the western
portion of the Yucatan Peninsula northward to New Orleans.

As the season progresses into July and August (Figure XII[-8) the main
threat axis shifts northward, following the Bahama Islands northwestward across
Florida, thence west-northwestward across the northern Gulif of Mexico to New
Orleans. A secondary threat axi1s 1s located from the western Caribbean Sea just
east of northern Nicaragua north-northwestward through the Yucatan Channel to
New Orleans.

In September (Figure XII-9) the main storm threat shifts southward, and
extends from the Lesser Antilies northwestward across Cuba and Gulf of Mexico to
New Orleans. A secondary threat axi1s extends northwest from the Yucatan
Peninzula to the western Gulf of Mexico thence northeastward to New Orleans.
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The praimary threat axis for October and November (Figure XII-10) starts at
the north end of the Lesser Antilles and extends westward, passing over the west
end of Cuba to the central Gulf of Mexico, recurving northward to New QOrleans.

A minor threat axis extends across central Florida westward to New Orleans.

Figure XI[-11 represents a composite picture of threat probability and time
to CPA curves for the entire year and 1s derived from all tropical cyclione
tracks passing within 180 n myr of New Orleans during the period 1871-1979.

3.3 WIND AND TOPOGRAPHICAL EFFECTS

Wind data for this evaluation have been extracted primarily from hourly
records of the New Orleans Airport Station with supplemental data extracted from
hourly records of Naval Air Station, New Orleans. Data from other, more remote,
stations were reviewed but were considered to be non-representative of cond1i-
tions 1n the port area. A comparison of records for coincident time periods
showed that, although the landscape around New Orleans 1s of generally low
elevation, 1t does reduce wind speeds from that experienced at exposed locations
around the peripnery of the Mississaippr River Delta.

In the 48-year period (1932-1979) for which wind data are davailable, 68
tropical cyclones approached within 180 n m1 of New Orleans, an average of 1.4
per year. A tabular breakdown based on intensity of these cyclones while within
the 180 n m1 radius 15 shown in Table XII-3.

Table XII-3. <(Classification of the 68 tropical cyclones which passed within
180 n m1 of New Orleans during the period 1932 through 1979.

Hurricane Tropical Storm Tropical Depression Total (Na.)
(>63 kt) (34 to 63 kt) (<34 kt)
24 36 8 68

Of the 60 hurricanes and tropical storms, 9 caused sustained winds greater
th.n 33kt 1n the greater New Orleans area, based on hourly wind observations
from 1932 through 1979. Three of the 9 caused sustained winds of 50 kt or
greater and 4 of the 9 caused gusts reaching hurricane force. Only one storm,
the hurricane of September 1947 which passed directly over New Orleans, caused
sustained winds of hurricane force. That particular storm originated east of
the Cape Verde Islands near the west coast of Africa, and had traveled
approximately 4,000 n m1 before causing winds of 95 kt with gusts to 109 kt at
New Orleans. Based on the 1932 through 1979 wind data, gale force winds can be
expected from 1 out of every 7 tropical storms/hurricanes passing within
180 n m1 of the port.
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Figures XII-12 through XI1-14 display the tracks of ail 9 tropical cyclones
(Neumann et al., 1978 and Hebert, 1980) that produced sustained winds greater
than 33 kt at New Orleans. Three figures are used simply to reduce clutter.
Five of the tropical cyclones occurred in Septemper, two ¥n August, and one each
1n July and October. Also depicted are the tracks of 10 of the more significant
storms producing sustained winds of over 22 kt at New Orleans. It 1s signifi-
cant to note that 16 of the 19 cyclones approached from a general south or
southeasterly direction,

As was mentioned 1n Section 2.2, the winding course of the Mississippr
River makes a portion of the port of New Orleans exposed to the vagaries of the
wind regardless of direction. The low elevation of surrounding terrain etfec-
tively elyminates orographic barriers, so the buildings at or near the piers
provide the only real barriers to wind flow. In general terms, however, tne
east-west orientation of the river 1n the most heavily utilized areas ouf the
port renders the port most vulnerable to winds with strong east or west compo-
nents. The port would be most protected from north or south winds because ut the
frictional effects of terrain and the protection the buildings along the river

could provide.
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Figure XII-12., Tropical cyclone
tracks 1934-40 showing positions
of storms when winds greater
than 22 kt (thin solid segment)
and greater than 33 kt (broad
solid segment) occurred at New
Orleans, based on hourly
wind data,
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Figure XII-14, Tropical cyclone
tracks 1956-79 showing positions
of storm centers when winds
greater than 22 kt (thin solid
segment) and greater than 33 kt
(broad solid segment) occurred
at New Orleans. based on hourly
wind data.
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Figure XII1-13. Tropical cyclone
tracks 1941-53 showing positions
of storm centers when winds
greater than 22 kt (thin solid
segment) and greater than 33 kt
(broad solid segment) occurred
at New Orleans, based on hourly
wind data.
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3.4 WAVE ACTION ON THE MISSISSIPPI RIVER

Ocean waves are a factor on the Mississippi River only in cases of
extremely high tyda)l surge when the levees are topped or broken. The potential
for this occurrence 15 greatest in the lower reaches of the river and negligible
in the port area. Wave action 1n the port 1s therefore limited to locally
generated wind waves.

The winding course of the river 1n the port area effectively reduces fetch
length to nomore than approximately 8 miles. If channel depth of 40 ft and
tidal surge heights of 10 ft are assumed, giving a water depth of 50 ft, the 1
maximum waves generated by an 85 kt wind 1n the port area of the Mississippn

o

River would be about 10.3 ft with a period of 6.3 seconds. Given the same water

‘..‘.

depth and fetch length, calculations indicate a sustained wind of 25 kt can
generate 2.9 ft wind waves; 35 kt winds, 4.3 ft wind waves; 50 kt winds, 6 ft

nntetiiaiied

wind waves; and 75 kt winds, 9 ft wind waves (U.S. Army Corps of Engineers,
1973).

At amore realistac fetch Tength of 5mi1les, the wind wave heights are
reduced by about 10-15 percent. Eliminating tidal surge and basing calculations
on a 40 ft water depth has Tittle effect on the result with wind wave heights
remaining essentially the same unti1] the wind speed exceeds 75 kt. Maximum wave
heights for an 85 xt wind are then reduced to about 9.5 ft.

It should be noted th t the preceding calculations are based on a uniform
depth over an assumed relatively flat bottom. Uniform depths are not realistic
in the Mississippi River, as the channel is invariably deeper than the raiver
bottom adjacent to 1t, and the channel depth varies greatly from one location to
another -- as deep as 192 ft 1n one location 1n tke port area. Consequently,
the calculated values given above are for use as a guide only and should not be
regarded as absolute values. 4

3.5 STORM SURGE AND TIDES

Storm surge may be visualized as a raised dome of water, moving with the
storm, and centered a fewmiles to the right of 1ts path. This dome height 1s
related to local pressure (1.e., a barometer effect dependent on the i1ntensity
of the storm) and to local winds. Other significant contributing factors are
storm speed, direction of approach, bottom topography, and coincidence with the
astronomical tide. The worst circumstances (Harris, 1963) would i1nclude the
following:

(1) Intense storm approaching perpendicular to the coast with landfall
within 30 n mi1 to the west.

(2) Broad, shallow, slowly shoaling bathymetry.

{3) Coincidence with high astronomical tide. XI11-19
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The coastal waters surrounding the Mississippl River delta fulfill these
criteria during hurricane season.

Two 1nstances of storm surge that caused extensive flooding to the
Mississippt River delta occurred during September. Hurricane Carmen, a 150 mph
storm, occurred 1n September 1974, and, although severe flooding was experienced
1n several outlying parishes, water rises caused by Carmen caused li1ttle flood
damage 1n the Port of New Orleans. Tidal surge i1ncreased water levels along the
coast at Terrebonne Parish (some 60 miles southwest of New Orleans) to 11.64 ft
MSL, nearly 10 ft above normal. Water rises 1n the Mississipp1 River were Timited
to3to4ft in1ts lower reaches, so the Port of New Orleans was not adversely
affected (U.S. Army Corps of Engineers, 1975).

Hurricane Betsy, which occurred 1n September 1965 was another story,
however. Betsy followed what 1s essentially a "worst case track," moving inland
just west of the mouth of the Mississippy River on a northwesterly course. Thais
track brought the brunt of the 125 mph winds along the length of the river to
New Orleans, and into the relatively shallow waters of Lake Borgne, Lake
Ponchartrain, Breton Sound, Chandeleur Sound, and Mississipp1 Sound. Except for

| Orleans Parish and Jefferson Parish, most of the Mississipp1 River Delta was
1nundated by flood waters. Although not as strong as Carmen, Betsy played havoc
with interests along the Mississippi River from the Port of New Orleans
southward. Tidal surge increased water levels on the Mississipp? River to
12.61 ft above MSL at Chalmette (near mile 88), 15.25 ft above MSL at West
Pointe a 1a Hache (near mile 49), and 6.57 ft above MSL at Head of Passes (U.S.
Army Corps of Engineers, 1965).

A new storm surge forecast model has been developed by the National Oceanic
and Atmospheric Administration's (NOAA) National Weather Service. It s
referred to as SLOSH and estimates the Sea, Lake, and Overland Surges from
Hurricanes (Jelesnianski1 and Chen, 1979) as discussed by Schexnayder and Barnes
(1980) and Crawford (1979). Values have been computed for the New Orleons area
using a SLOSH model with a4 nmigrid. Eighteen storm tracks were evaluated,
comprising six directirons of travel, with three parallel tracks for each
direction. Three storm i1ntensities were chosen, with the weakest having a

central pressure of 970 mb. The medium strength storm corresponded to about 940
mb, similar to Hurricane Betsy in 1965. The strongest one, a 910 mb storm, 1s
similar to Hurricane Camille 1n 1969 (Schexnayder and Barnes, 1980).

In general, storms from the southeast were calculated to bring the most
severe flooding to the Mississippy River delta. Selected points with
corresponding maximum calculated surge values for a 910 mb storm moving from
southeast to northwest and tracking over the Mississipp1 delta just west of the
Mississipp1 River are given in Table XII-4 (New Orleans Area Weather Service
Forecast Office, 1980).
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Table XII-4. SLOSH model surge height calculations for points alony
Mississaipp) River from Head of Passes to above New Orleans.

Location <[ Surge Height (Apbove MSy)
Head of Passes (Mile 0) l 11.2 ft
Buras (Mile 25) 15.3 ft
Port Sulphur (Mile 39) 17.3 ft

Bonnet Carre Pt. (Mile 133)

—— e o 22 L S
Violet (Mile 84) 23.9 f1 !
New Orleans (Mile 95 17.5 tt

Tydal surges reaching the calculated values would inundate almost al' of
the Mississippr River delta except for land areas protected by the levee system
in and near New Orleans.

Storms approaching from directions other than soutneast can alsg cause
severe flooding due to the exposed location of the Mississip.t K'veo Jeita ani
the extremely low elevations of the land areas.

Astronomical tides at the entrance to Southwest Pass are diurnal with 4
range of 0.9 to 1.4 ft. No tide 1s felt at New Orleans during high river
stages, but the tidal range averages about 0.3 ft at low ri.er stages [U.S5.
Department of Commerce, 1980)

River currents are largely dependent on the stage ot tn> river., Al New
Orleans, the cross-sectional velocitymay be as much as 5 kt at high stages arc
less than 1 kt at low stages. Tidal currents i1n the river are not stronyg it zany
point (U.S. Department of Commerce, 1980).

4, THE DECISION TO EVADE OR REMAIN IN PORT

Instructions for hurricane preparedness at Naval Support Activity, lew
Orleans are addressed 1n Commandant, Eighth Ma:2} Naistrict and Area Coordinator,
Eighth Naval District Disaster Preparedness Plan, 1980, Naval Air Station, New
Orleans 1s governed by COMTRAWING Six Instructron 3140.10. The Captain of the
Port of New Orleans promulgates a Hurricane Readiness Plan that addresses
standard procedures for hurricane readiness for the U.S. Coast Guard.
Definitions of conditions of alert are presented together with status of
preparedness and action required or recommended to attain each condition of
readiness.

4.1 THREAT ASSESSMENT

For the masters of deep draft vessels at the Port of New Orleans, the lack
of protected berths coupled with the elapsed time to negotiate the Mississippn
River or Mississippy Raver-Gulf Qutliet Canal to open water 1n the Gulf ot Mexico
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make early assessment of each tropical cyclone threat absolutely essentyal.
This assessment should be related to the setting of hurricane conditions of
readiness by U.S. Navy, U.S. Coast Guard, and civil authorities and conducted
using current advisories and forecasts 1ssued by the Navy and National Weather
Service, as well as climatology as presented herein.

The greatest threat to New Orleans 1n terms of severity 1s tropical
cyciones that have an origin outstide the Gulf of Mexico and approach from the
southwest, south, or southeast with a forecast landfall within 100 n my of the
port. A greater threat of storm surge occurs when tropical cyclones approach
more or less perpendicular to the coast and make landfall within 100 n m1 west
and 75 nmy east of New JUrieans. Of course the 1ndividual storm intensity and
speed of movement affect the extent of damage which can pe expected from any
given storm., As a general rule, any 1ntense tropical storm or hurricane
approaching from tne Guif of Mexico such that New Orleans 15 located 1n the
dangerous right front guadrant of the storm can result 1n severe wind and storm
surge conditions.  Tne mouuths of maximum threat 1n terms of frequency and
severity are Auqgust, September, and October. All four of the tropical cyclones
that caused sustained winds or gusts to hurricane force at New Orleans occurred
in September.

4.2 EVASION AT >EA

Evasion ot sea 15 the recommended course of action for all seaworthy deep
draft vessels when the port 15 under threat from a hurricane (winds greater than
63 kt) approaching from the Gulf of Mexico and forecast to pass within 100 n m
of the Port of New Urleans. Taiming of this decision 1s affected by:

(1) ihe tarward speed of the tropical cyclone.

(2) The radius ot hazardous winds and seas that can 1mpact on a vessel's
capabrlity to reach open water and then maneuver to evade.

(3) The elapsed time to make preparation to get underway.

(4) lThe elapsed time to reach open water.

For example:

The worst case situation would be an intense cycione moving more or less
directly toward New Orleans from the southeast. Assume 6 hours are required to
make preparations for leaving port after the decision to evade at sea 1s made.
Approximately 8 hours are required to transit the Mississippy River and reach
open sea, and once open sea 1S reached, the vessel wouid be approximately 80
miles further south and closer to the storm., A tropical cyclone approaching at
an average speed of 10 kt will have moved 140 miles closer to New Orleans by the
time open water 15 reached. Add to this the radius from the troprcal cyclone
center of strong winds likely to hamper port operatyons, say J00 n mi.  Summing
these values gives 420 males (140 + 80 + 200) or 42 hours as the minimum

Y[i[r-27
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tropical cyclone displacement from New Orleans in distance or time when the

decrsion must be made to evade 4t sea successfully. A greater margin may be
applicable depending on greater cyclone speed and i1ntensity, and snip speed

capability.

Hurricane Condityon I11 15 set when hurricane force winds dre possible
within 48 hours. It 1's apparent that the decision to prepare for surtie should
be made soon after setting Hurricane Condrtiyon [[l. Although at this time the
storm may be more than 500 mailes distant, 1t should be remembered that the
average tropical cyclone forecast error over a 43 hour period 15 on the order of
220 n mr for those tropical cyclones threatening New Jrleans.

The destroyer USS wWilliram (. Lawe (DD-763) 1s homeported at New Orleans
and makes for open sea whenever Hurraicane Condition of Readiness [Il "hurricane
force winds expected within 48 hours) 1s set. This 1s considered tu be the wise
and safest course of action. Later departures than thi1s wager the accuracy of
information on the storm's be:ravior against mounting risks of heavy weather
damage.

Once sea room 1s attained on departure from New Orleans., the tactics
employed w11l depend, of course, on the location of the threatening tronical
cyclone, 1ts speed of advance, and 1ts direction of movement. Up-to-date
information 1s essential f sound decisipons are to be made. Tropical cyclone
location and 11ntensity information with today's satellite technology 15 accurate
and timely. Forecasts and warnings are jissued at 6-hourly 1intervals and updated
as necessary to reflect mmportant changes 1n position, i1ntensity, and movement.

Ship masters with access to these advisories/warnings are 1n the best
possible position to modify evasion routes and tactics to successfully evade the
storm. The cardinal rule of seamanship 1s to avoid the dangerous right-hand
semicircle. The following guidelines are offered.

(1) For tropical cyclones approaching from the east or southeast: Steam
southwest to 1ncrease distance from the storm taking advantage of northerly
winds and seas.

(2) For tropical cyclones approaching from the southwest or west: After
an early departure to escape worst effects of head winds and seas, steam south
or south-southeast to reach a latitude south of the storm center,

{3) For tropical cyclones approaching from the south: Tropical cyclones
moving through the Gulf of Mexico from this octant present the most vexing of
evasion problems. Early n the season many storms move directly into the coast,
but 1n September and October there 1s a strong likelihood of cyclone recurvatur-
to the northeast while sti1l1l centered over the Gulf. An evasion route decided

on earlier may have to be altered based on unexpected changes 1n cyclone
movement. Evasion tactics must be based on the latest tropical cyclone forecast
position and movement.
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4.3 RETURNING TO PORT

The damage and disarray at a port resulting from a tropical cyclone strake
may wnclude navigation hazards such as displaced channel markers, wrecks 1n the
¢nannel, or channel depths that no longer meet project specifications. Eecause
the Port of New Urieans can anly be accessed by long, narrow channels sucn as
the Missaissipp)r River and Mississippl River-Gulf Qutlet Canal, tne potentiral for
such hazards 15 large. Harbor facilities may be so damaged as to preclude
oftfering even minimal services. Check with the Port Autnority before attempting

to return.

4.4 REMAINING AT NEW ORLEANS

Rena:ning n port 2t New Orleans 15 an option tnat should recerve seriouvs

consideration oniy 1n a secondary tnreat situation or 1n those 1nstances wnen 4

vessel 15 1mcapable of succecsstul evasion gt sea. The szcondiry threat
s1tuaton ancludes:

(1) A trepical cycione developing within the 130 n m1 radius critical
area.

vZ) A weadk trapicai cyclone (maximum winds less than <8 «t; s apprgaching

from the Gult or Mexsico, and 1s forecast not to intensify.

(3) A tropicai cyclone with winds greater than 47 «t approaching fron the
Gulf 1s forecast to pass more than 100 miles from New Orleans and the forecast
53-kt wind radius does not encompass the Port of New Orleans.

f4) A tropicai cyclone, approaching overland from the east or west.

I[f the decision 1s to remain 1n port at New Orleans, the foiliwing
recommendations are offered:

) [f the vessel 1s of a type that cannot easily be ballasted down to
maximum draft, such as a man-of-war or cargo ship, remain at the prer securey
with sufficient lines to withstand hurricane force winds, yet allow for water
herght fluctuations of the predicted surge amounts. Bow and stern "i1nsurance
Tines" of heavy wire rope are recommended,

(2) If the vessel 15 a tanker type that can be ballasted down to maximum
draft, 1t can go to anchor ui1lizing two anchors with 6 shots of chain. The
vessel should then be ballasted down to maximum draft, resting on the mud bottom
of the river 1f possible.

(3) A third possibility 1s to proceed upriver to Batan Rouge. Channel
depths of 40 ft aremaintained to Baton Rouge, and because 1t 1s further from
the Gulf of Mexico, winds are likely to be weaker and hurricane surge heights
will be reduced 1f not eliminated. Baton Rouge facilities are limited, however,
and river barge traffic 1s much heavier than at New QOrleans. Consequently,
congestion 1s likely and the threat of waterborne hazards due to broken
moorings, etc., 1s greater.
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Should amaster choose to vemain In port, 1t should be borne 1n mind that

nis vessel w1l! be exposed to dangers beyond that of wind and surge.
Invaraan'., mary barges and other vessels are broke: loose from their moorings
on the vaiyver an become floating hazards, resulting 1n holings of some hulls.

Alsg, because tne channels from the Port of New Orleans to the open sea are
relatively narrow, tne risk 1s considerable that one or both of the channels

could be blocxkea by tamaged or sunken vessels, thereby trapping shipping 1n the

port for some time atter a storm has passed.

5. ADVICE TO SHALLOW DRAFT VESSELS

Shallow draft vessels should, 1f feasible, be removed from the water and
firmly secured ashore at an elevation of at least 20 ft to avo1d possible high
water. For those vessels that cannot be removed from the water, few options
remain. The Miss ~sippt River offers little protection. Tug boats and other

similar vessels usually seek shelter 1n Chalmette Slip (near mile 90.5 on the

east bank), and 1n Harvey Canal {(neiar mile 93.3 on the west bank). Space r
these waterwavs 1s limited so early access 15 recommended 1f their use 15§
desired.

The Naval Support Activity removes as many of 1ts small craft from the
water as can be accommodated by 1ts pierside crane. The remaining vessels are
sent via the Intra-coastal Waterway to the Pearl River, on the border between
Louistiana and Missi1ssippil, where they seek shelter upriver near Pearlington
This alternative requires 1n excess of 6 hours, and because small craft are
involved, must be completed before the onset of heavy weather.

Riding out a tropical cyclone on the Mississippt River 1s not recommended,
Although the twisting course of the river largely precludes wave action of
significance to larger vessels, wind driven waves to 10 ft are possible 1n some
areas of the river and smaller vessels could be severely damaged or sunk,
Additional hazards are posed by floating debris resulting from the effects of
waves, high water, and strong winds.

The prudent small boat operator will have selected several potential havens
beforehand 1n which to take shelter 1n vaiious tropical cyclone threat
s1tuations. He will proceed to his haven well 1n advance to avold the chaos and
congestion endured by other 'skippers who delay until the onset of destructive
conditions 1s imminent.
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AL PORT ARTHUR, TEXAS

SUMMARY

While each port has specific advantages, none of the
ports of Port Arthur, Beaumont, or Orange has the qualities
required of a good hurricane haven. Consequently, 1t 1s
recommended that deep draft vessels evade at sea when the
area 1s threatened by an 1i1ntense tropical storm (winds
greater than 47 kt) or hurricane (winds greater than 63 kt;.
Early threat assessment 1s essential due to the elapsed time
necessary to reach open water -- especially from Beaumont
and Orange -- and the limited number of evasion routes
avatlable 1n the Gulf of Mexico.

Advice to small craft 15 to remove from the water.
Otherwise, seeking shelter 1n the upper reaches of the
Sabine and Neches Rivers above Orange and Beaumont 1s
recommended.

Port Arthur 1s a small but 'mportant and active commer-
c1al shipping port. The Sabine-Neches Canal, on which the
Port of Port Arthur 15 located, 1s also the deep water
access to the nearby port of Beaumont and Orange., Because
of their mutual access and close proximity to each other,
all three ports are considered 1n this evaluation of Port
Arthur as a hurricane haven.

History has demonstrated that the hurricane season
presents a serious threat to marine activities 1n the Port
Arthur area. Port Arthur has been affected by tropical
cyclone activity at an average frequency of 0.9 events per
year during the 109-year period 1871-1979. Since 1929, when
hourly wind data was first recorded 1n the area, 1 out of 5
tropical starms/hurricanes passing within 180 n m1 has
caused sustatned winds of 34 kt or greater at or near Port
Arthur, but only 1 of the 56 tropircal storms/hurricanes
entering the 180 nm1 threat radius caused winds of
hurricane force to be recorded.

The hurricane season 1s late May through early November
with September being the major threat month. The principal
threat to Port Arthur 1s from tropical cyclones approaching
from the southeast and south. Seventy-seven percent of all
tropical cyclones entering the 180 n m1 c¢critical area in the
109-year period 1871 through 1979 approached from these
sectors.

This hurricane haven evaluation was prepared by
R.D, Gilmore of Ocean Data Systems, Inc, (ODSI),
Monterey, CA 93940,

Change 1
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1. GEOURAPHIC LOCATION AND TOPOGRAPHY

As shown in Figure XIII-1, the ports of Port Arthur, Beaumont, and Orange
are located 1n the coastal section of extreme eastern Texas. Port Arthur s
situated on the west bank of the Sabine-Neches Canal which borders the western
edge of Sabine Lake (Figure XIII-2). Beaumont 15 located some 15 miles
northwest of Port Arthur on the Neches River, while Orange 1s about 18 miles
northeast of Port Arthur on the Sabine River. Sabine Pass, which 1s the Seaward
entrance to Sabine Lake, Sabine Lake 1tself, and the Sabine River form the
southern portion of the Texas-Louisiana border.

From the Gulf of Mexico, Sabine Pass 1s entered from a Safety Fairway
passing through Sabine Bank Channel, a sea bar channel and a jetty channel.
Federal project depths are 42 ft n the outer bar channel, thence 40 ft through
the jetty channel and Sabine Pass.” Inside the Jetties, Sabine Pass extends
northwest about 6 miles to Sabine Lake, and the entrance to Port Arthur Canal.
With an average depth of 6 ft, Sabine Lake 1s used only by small recreat:on and
fishing vessels. Port Arthur Canal extends northwest for about 6 miles from
Sapbine Pass to Taylor Bayou, with project depths of 40 ft (U.S. Department of
Commerce, 1980).

The Neches River extends 1n a general west-northwesterly direction from 1ts
junction with the Sabine-Neches Canal for about 18.5 miles to the Port of
Beaumont. Federal project depths on the Neches River are 40 ft to a 34-ft
turning basin at Beaumont (U.S. Department of Commerce, 1980).

The Sabine River extends northeastward from 1ts junction with the Sabine-
Neches Canal to the Port of Orange. The Federal project provides for depths of
30 ft 1n the channel to Orange, with 25 ft maintained in the channel around
Orange Harbor Island (U.S. Department of Commerce, 1980).

No bridges cross Sabine Pass, Port Arthur Canal, or Sabine-Neches Canal
below Port Arthur. At Port Arthur, a fixed highway bridge with a clearance of
136 ft crosses the Sabine-Neches Canal approximately 1.8 miles above the
entrance to Taylor Bayou. A highway bridge (Rainbow Bridge), with a clearance
of 172 ft, crosses the Neches River about 1.5 miles above 1ts mouth. No other
bridges exist between Port Arthur and the turning basin at Beaumont, but over-
head power cables with clearances of 164 ft cross the Neches River 50 yards east
of Rainbow Bridge. Additional power cables cross the Neches River between 1ts
modth and Beaumont but, 1n each case, the vertical clearance equals or exceeds
164 ft. No bridges cross the Sabine River between 1ts mouth and Orange. An
overhead power cable with a vertical clearance of 172 ft crosses the river about
3 miles below Orange (U.S. Department of Commerce, 1980).

*See Notice to Mariners and latest editions of charts for controlling depths.
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2. PORT AND HARBOR FACILITIES

2.1 BERTHS FOR DEEP DRAFT VESTELS

2.1.1 Port of Port Arthur

The Port of Port Arthur has over 50 wharves and piers, but only 12 are deep
draft facilities. Of these, 11 are privately owned and operated, with alongside
depths ranging from 27 to 43 ft (34-38 ft predominating), and deck heights of 6
to 15 ft.

The Port of Port Arthur Public Ocean Terminal Wharf (Figures XIII-3 and
X1I11-4) 1s owned and operated by the Port of Port Arthur Navigation District of
Jefferson County, Texas. Located on the west side of Sabine-Neches Canal, 1t
has a 1200 ft face with an alongside depth of 36 ft and deck height of 15 ft.
More complete detarls of the piers, wharves, and docks at the Port of Port
Arthur can be found 1n Port Series No.22 published 1n 1980 by the U.S. Army
Corps of Engineers. The publication also provides details of 11 diesel tugs
ranging from 1600 to 3900 horsepower used for towing, docking, and undocking
vessels 1n Port Arthur, Beaumont, and Orange Harbors.

Other than a small U.S. Coast Guard pirer, the U.S. Government does not
maintain any harbor facilities at the Port of Port Arthur.

2.1.2 Port of Beaumont

The Port of Beaumont has over 60 wharves and piers, but only 18 are deep-
draft facilities. Of these, all but 8 are privately owned and operated, with
alongside depths ranging from 32 to 40 ft and deck heights ranging from 10 to
16 ft.

The Port of Beaumont Navigation District owns and operates the remaining 8
deep-draft facilities (Figures XIII-5 and XIII-6). Located on the west bank of
the Neches River, alongside depths range from 30 to 40 ft with an average
alongside depth near 36 ft. Deck heights are a uniform 16 ft.

More complete details of the piers, wharves, and docks at the Port of
Beaumont can be found in Port Series No. 22 published 1n 1980 by the U.S. Army
Corps of Engineers.

No U.S. Government harbor facilities are maintained at the Port of
Beaumont.

2.1.3 Port of Orange

The Port of Orange has over 40 wharves and piers, but most are privately
owned and not suirtable for deep-draft vessels. Except for facilities owned and
operated by Levingston Shipbuilding Company and the Port of Orange, most harbor
faci1lities have alongside depths of less than 20 ft.
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The Port of Orange owns and operates the Alabama Street Wharf located on
the Orange Municipal Slaip, about 2miles below the city on the west side of the
Sabine River (Figures XIII-7 and XIII-8). Five berths are located on a 2300 ft
wharf along the southwest si1de of the sTip. Alongside depth 1s 30 ft with deck
heights of 12 to 14.5 ft. In addition to the wharf at the Orange Municipal
Slip, the Port of Orange has a Lay Berth Facility on the Sabine River about 2.7
m1les above the slip (Figure XIII1-9)., Located on the west bank of the river,
the facility consists of 9 (of 12) concrete piers previously owned by the U.S.
Government and operated as part of the U.S. Navy Atlantic Fleet Reserve Base.
Ranging 1n length from 480 to 900 ft, the pirers have deck heights of 10 ft and
minimum alongside depths of 18 ft, with depths near the river channel somewhat
deeper. Maintenance of the river channel to a 30 ft depth ceases below the Lay
Berth Facility, so exact channel depth adjacent %o the pilers 1s not specirfied.

More complete detarls of the piers, wharves, and docks at the Port of
Orange can be found 1n Port Series No. 22 published 1n 1980 by the U.S. Army
Corps of Engineers.

U.S. Government facilities at the Port of Orange are limited to Pier #10,
with the pirers being numbered sequentially starting with number 1 at the
upstream end. [t 1s used as a utitlity prer by the U.S. Navy and Marine Reserve
Center, Orange, Texas. Piers 1l and 12 are used by Lamar University.

2.2 HEAVY WEATHER FACILITIES AND ANCHORAGES

None of the ports of Port Arthur, Beaumont, and Orange offers adequate
shelter from heavy weather. The low elevation of the land surrounding the port
Jimits the protection that orographic features usually provide and exposes the
region to flooding in high water situations.

Anchorages for large vessels include the Sabine Fairway Anchorage outside
the entrance to Sabine Pass as 1ndicated by the letter "A" in Figure XIII-1.
Vessels of T1ght draft can find good holding ground along the coast 7 to 8 miles
west of the jetties as close 1nshore as drafts will permit (U.S. Department of
Commerce, 1980).

Additional anchorages i1nclude an anchorage basin, 1ndicated by the letter
"A" 1n Fiygure XIIl-2, on the east side of Sabine Pass Channel. Federal project
depth for the anchorage 1s 40 ft. Temporary anchorages exist 1n 29 ft of water
1n the bends of the old Neches River between the Sabine-Neches Canal and
Beaumont and are indicated by the letter "B" on Figure XIII-2. With the
exception of these temporary anchorages, only emergency anchorage 1s permitted
in the Neches River. Vessels may tie up to the banks of the Neches and Sabine
Rivers for a limited peryod provided permission 1s obtained from the Corps of
Engineers (U.S, Department of Commerce, 1980). No anchorages exist on the
Sabine Raiver.
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The Maritime Administraticn has a restricted anchorage ¢n the Neches River
about 7 miles below Beaumont at the McFadden Send Cut-off, a. 1ndicated bty the
letter "C" on Figure x1II-2. Capable of holding over 200 la:rge vessels, 1t
provides good holding ground in mud and silt, but maximum drcft as Tawatet to 14
ft. Use of the Maritime Administration anchorage 15 restricted to vessels
consigned to the Maritime Administriatyion Reserve Fleet,

In the event of damage, facilities are avarlable at Port Arthur fir waving
regalrs to hulls and machinery, including drv-docking tor vest-o o ta 17,

tons/650 ft (U.S. Department of Commerce, 19&5..

2.3 FACILITIES FOR COASTAL AND IN-SHORE VESSELS

Tne main facility for recreatienal boaters n the Port Artnur area 1iec
3long the west shore of Sabine Lake on Pleasure Isiand gl acent to tne 7 0t
Port Artnur, as ndicated by the letter A" on Fagure X1I11-2. {alles Zleas.r«
Istand Marina, 1ts use 1s 1ntended for boats drawing only 2 to 3 ft.

Small boats i1n the Sabine-Neches Canal can get fuel, 031, water 1ng
supplies along tne Port Arthur city waterfront. Above Port Arthur, a marini an?
boatyard are iocated on the Neches River just west of the south end of Rainrtua
8~1dg=2. Normal supplies are avarlable, and the boatyard can nandle vessels to
30 ft for hull and engine repairs. Depths of approximately 5 ft are carries
the marina and boatyard.

The city of Orange has a marina located on the west side of the channe,
opposite the north end of the Orange Harbor Island. Supplies, Dberths, ani noted
accommodations are available. Alongside depths of 12 ft are reported 3 v
fuel pier of the maraina (U.S. Department of Commerce, 1930).

3. ANALYSIS OF THE TROPICAL CYCLONE THREAT AT PORT ARTHUR

3.1 INTRODUCTION

By examining relevant characteristics of tropical cyclones ~aon a3 teack,
speed of movement, 1ntensity, month of occurrence, etc., some 1noht My
gained 1nto their typical behavior. This backaround knowi =g o0 e taediag
allows attention to be focused on those storms most likelv t. naue o sevinns
effect on the Port Arthur area. However, tie hiystor ic3) Derdvior b ~toarms an
their 1mpdct on Port 4rthur shouldnot I rengardge s 3¢ g el ab e povge v tie

detarled behavior and impact of a partic . .o sl CUoappeod e tne Dot
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3.2 CLIMATOLOGY

For the purpose ot tnas stady, any tropaica

lod om0t Port Artnus 15 considered to represent 1 thnreat to the area.
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180 n mi of Port Arthur,
16 May-Cctober (based on
data from the period
1871-1979;,

40 ‘
32

] Figure XI1I1-10. Seasonal

| 24 distribution of tropical

. cyclones passing witrnin

|

i

|

NUMBER OF TROPICAL CYCLONES

Figure XIII-11., Directions of approach
of tropical cyclones that passed
within 180 n mi of Port Arthur during
the period 1871-1979, Numbers of
storms approaching from each octant
(e.g., 37) and percent of the total
approaching from that octant (e.g.,
37%) are shown.
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One tropical cyclone formed within 180 n m1 of Port Arthur, and developed
quickly 1nte hurricane strength after ynitial formataion.

Records of tropical cyclones entering the 180 n my critical area around
Port Arthur during the 80-year period of 1900 through 1979 for which cyclone
Intensi1ty data are avarlable are tabulated 1n Téble XIIl-2 by intensity and
wuenth of occurrence. Of the 74 occurrences, 1t can again be seen that September
s bty far the praincipal threat month 1n terms of tropical cyclones affecting
“ort Arthyr, tat the hignest monthly percentage of the more dangerous classes of
Stord s hurricanes and Intense tropical storms) 1s in August (13 of 16).
dverail, 47 out of 73 trupical cyclanes (64%) affecting Port Arthur 1n this

Tenturs waore an these struny categoraes.

Tauie X1DI~0.  Tlassafication of 74 tropical cyclones which passed
attnon 132 n oma of Port Arthur during the 1900-1979 period.
Max imum May-
Intensity-~ June July Aug. Sep. Oct. Totals
Hurrizane 4 5 10 12 3 34
intense
Tropioa’ 3 0 3 6 1 13
P’wt&"'ﬂ
OAEaR
Troanaical . 6 3 11 3 25
2turin
Trupocal : 0 O 1 n ?
Depresayar
TATALS i 11 16 30 7 74

*Intencity values reflect the maximum 1ntensity while 1n the final
apuroach pnase of the tropical cyclone track. Upper 1imit of a weak
tropicil storm s 47 kt,

Figures x111-12 through XIII-16 are statistical summaries of threat
provabilsty for the years 1871 through 1979. These summary data are presented
in five charts, each representing data encompassing specific periods during the
year: trapical cyclones occurring during May and June, July and August,
September, and October, and all tropical cyclones of record during the 109-year

period.

The soli1d lines 1n the figures represent the "Percent Threat” f-or any store
locatinn, The dashel! lTiynes represent approximate approash tire to Port Arthrgr
nasad an the climatole -3l approach speed for o particular storm location. for

examopie, n Frgure XII7-12, a tropical cyclone located over the noarthwest corner

of the “ucatan Perinsuia has a 30% probabarirty of passing wethin 123 nm1 of
Port Arthur and wiii redch Port Arthur an /Z-96 hours (3 to 4 days).
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Figure XIII-16. Annual probability and CPA curves tor all tropical
cyclones passing within 180 n mi (shaded circle) ¢f Port Avthur,
based on data from 1871-1979,

The average speed of advance for all tropical cyclones that have tnreatened
Port Arthur 1s 7 to 8 kt, with little variation during the season. Tie most
severe storms -- those with winds of 100 kt or greater -- moved at an average
speed of 11 kt (Neumana and Pryslak, 1981).

A comparison of the figures suggests some distinct differences wn the
threat ax1s according to the time of the year. Early 1n the season (May and
June, Figure XIII-12), the primary threat to the Port Arthur area s a track
from the northern Caribbean Sea south of Jamaica westward along the coast of
Honduras, across the southern Yucatan Peninsula 1nto the Gulf of Campeche,
thence northward across the western Gulf of Mexico to Port Arthur. A secondary,
minor threat axi1s extends west-northwestward from the southern tip of “lorida to
Port Arthur.

By July and August (Figure XIII-13), the primary threat axis has shifted
northward, originating 1n the eastern Caribbean Sea near tne Lesser Antiiles.

It then extends west-northwestward, passing between Jamaica and Cuba before
crossing the western tip of Cuba, thence 1nto the Gulf of Mexico to Port Arthur.

In September (Figure XIII-14), the most active morth, the primary track has
shifted southward again, progressing westward from the coastline of northern
Venezuela to the waters east of Nicaragua, thence northwestward across eastern
Honduras to the Yucatan Peninsula. It then curves northward across the Guif of
Mex1co to Port Arthur. A secondary but prominent axis approximates the praimary

XI11-17
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ax1s for July and August, passing through the waters between Jamaica and Cuba,
thence west-northwestward across western Cuba and the Gulf of Mexico to Port
Arthur.

By October (Figure XIII-15), the ax1s of greatest threat originates 1n the
Gulf of Campeche and extends northward across the Gulf of Mexictc to Port Arthur.
A secondary threat axi1s originates north of the Lesser Antilles. and extends
west-northwestward along the Greater Antilles to the Gulf of Mexico, thence
northwestward to Port Arthur.

Figure XIII-16 presents a composite picture of threat probability and time
to CPA curves for the entire year and 1s derived from all tropical cyclone
tracks passing withain 180 n m1 of Port Arthur during the period 1871 through
1979.

3.3 WIND AND TOPOGRAPHICAL EFFECTS

A continuous record of wind data for any one location 1n the Port Arthur
area 1s unavallable for the period 1929-1979. Therefore, tropical cyclone
statistics contained herein are based on records as follows:

Sabine July 1935-June 1954

September 1973-September 1979
Beaumont June 1929-September 1943
Port Arthur September 1944-September 1979

Consequently, tropical cyclone wind data are not based on records from a
single location, but are considered to be representative of conditions
experienced 1n the greater Port Arthur-Beaumont-Orange area.

In the 5l-year period (1929-1979) for which wind data are available, 58'
tropical cyclones approached within 180 n mi of Port Arthur. A tabular

breakdown on 1ntensity of these cyclones is shown 1n Table XIII-3.

Table XIII-3. Classification of the 58 tropical cyclones which passed
within 180 nmt of Port Arthur between 1929 and 1979, based on the
maximum 1ntensity observed while within the 180 n m1 radius.

Hurricane Tropical Storm Tropical Depression Total (No.)
(-63kt) (34 to 63 kt) (- 34 kt)
27 29 2 58

Qut of the 56 tropical storms and hurricanes, 12 caused sustained winds
greater than 33 kt in the Port Arthur area. Sixty-seven percent (8 of 12)
approached from the southeast, with the remaining 33 percent approaching from
the south. Only one tropical cyclone, Hurricane Audrey n June 1957, had wind
gusts of hurricane strength recorded. O0fficial hourly records since 1929 reveal

X111-18
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that no sustained hurricane force winds were experienced, but according to U.S.
Army Corps of Engineers publication Sabine Lake Study Segment, Texas Coast

Hurricane Study published 1n 1979, "On 8 August 1940 a minimal hurricane passed

inland between Port Arthur and Sabine with sustained winds of 75 mph and peak
gusts up to 95 mph." Based on official records only, gale force winds (34 kt or
greater) can be expected from 1 out of every 5 tropical storms/hurricanes
passing within 180 nmy of Port Arthur, and hurricane force winds from 1 out of
every 56 tropical storms/hurricanes passing within 180 n m1.

Figure XIII-17 depicts the tracks of the 12 tropical cyclones that caused
gale force winds 1n the Port Arthur area during the period 1940-1979 (Neumann,
et al., 1978, Hebert, 1974, and Hebert, 1980). It should be noted that,
although hourly wind data records were first maintained in 1929, no sustained
gale force winds associated with tropical cyclones were recorded unti11 1940,
Two-thirds (8 of 12) of the storms passed to the west of Port Arthur as they
moved 1nland. Figure XIII-18 defines the tracks of the storm centers while
winds of gale force were recorded at Port Arthur, Beaumont, or Sabine and
clearly shows that the majority of tropical cyclones causing gale force winds 1n
the area move inland west of Port Arthur, thereby placing Port Arthur 1n the
more dangerous right-hand semicircle. It is significant to note that the region
has not recorded gale force winds for any storm moving inland more than about
30 nmi east of Sabine Lake. Figure XIII-19 shows the direction from which
recorded gale-force winds emanated. It supports a conclusion that Port Arthur
is more likely to experience gale force winds from a southeasterly direction

than any other.
3.3.1 Port Arthur

The Port of Port Arthur 1s exposed to winds from north-northeast clockwise
to south-southwest. The only barrier to unimpeded wind flow from these direc-
tions 1s Pleasure Island, a Tong, narrow stri1p of land which forms the east
shore of the Sabine-Neches Canal. Elevations of Pleasure Island are generally
1n the 5 to 15 ft range, with some small rises exceeding 20 ft. The only
impediments to wind flow from south-southwest clockwise to north-northeast
directions are the buildings of Port Arthur and the frictional effects of the
surrounding marshlands.

3.3.2 Beaumont

The Port of Beaumont 1s exposed to winds with an easterly component.
Limited protection is provided for winds from other directions by the buirldings
in the port area and the city of Beaumont, and by the frictional effects of the
surrounding terrain. Low marshlands with elevations less than 5 ft lie to the
east of the port and somewhat higher terrain with elevations exceeding 20 ft
ex15ts to the west.

XI11-19
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Figure XIII-17. Tracks of the 12 tropical cyclones during the period
1940-79 that caused sustained winds of 34 kt or greater in the Port
Arthur area. Although records of hourly wind data have been kept
since 1929, no gale force winds were recorded until 1940,
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Figure XIII-18. Track segments of tropical cyclones 1940-79 showing
storm positions when winds of 34 kt or greater were recorded in the
Port Arthur area. Some bias in direction of movement and passing side
is evident during the period, producing the predominance of south-
easterly winds depicted in Figure XIII-19 (following page).
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Figure XIII-19, Directions of winds 34 kt or greater in the Port Arthur
area during passage of tropical cyclones 1940-79. Beginning and end of
gale force winds shown by dot and arrowhead, respectively, as in
Figure XIII-18. Clockwise direction changes indicate storm passage to
the west, while counterclockwise changes indicate passage to the east.
The twn innermost arrows (connected by dashed line) refiect a direction
shift, recorded when a storm passed over the recording station,
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3.3.3 Orange ‘

The Port of Orange 1s most vulnerable to southeasterly winds, as the QOrange
Municipal Slip 1s open 1n that direction. The expansive marshlands (with
elevations generally less than 5 ft above MSL) opposite the slip on the east
s1de of the Sabine River would provide only limited frictional effects to reduce
wind speed. Slightly higher terrain north and west of Orange would furnish
increased fractional effects and corresponding decreased wind speeds.

Low marshlands dominate the terrain 1n the eastern semicircle around the
Lay Berth Facility. Consegquently, the facility would be exposed to more-or-less

unimpeded flow from any wind having an easterly component.

3.4 WAVE ACTION

Due to the locations of the Ports of Port Arthur, Beaumont, and Orange on e
relatively narrow wdaterwdys rather than on open bays and harbors, wave action 15
not considered to be a craitical element 1n hurricane preparation planning for
large vessels, but should be considered 1n any evolution involving small craft.

The wave height calculations 1n the following paragraphs are based on a
uniform depth over a relatively flat bottom. Uniform depths are not realistic
in the waterways serving the ports, as the channel 1s invariably deeper than the
waters bordering 1t and the channel depth varies from one location to another
Consequently, the calculated values are for use as a gurde only and should not
be regarded as absolute values.

3.4.1 Port Arthur

The location of the Port of Port Arthur on the Sabine-Neches Canal pravents
significant wind waves 1f the wind 1s from any direction other than northeast,
The canai, which 1s ortented on an approximate 040/220 degree ax1s, extends
about 9 miles northeast of the port. Given a channel depth of 40 ft and a tidal
surge of 5 ft for a water depth of 45 ft, and a wind blowing directly down the
canal (northeast to southwest), the following wave calculations can be made:

25 kt winds, 3 ft wind waves; 35 kt winds, 4.5 ft wind waves; 50 kt winds,
6.5 ft wind waves; 75 kt winds, 9.6 ft wind waves; and 85 kt winds, 10.3 ft wind
waves (U.S, Army Corps of Engineers, 1973).

It 17s emphasized that a slight change 1n wind direction, say 20 to 30
degrees n either direction, so that 1t 15 not blowing directly down the canal,
would significantly reduce wave heights to a 2-3 ft chop.
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3.4.2 Beaumont

The winding course of the Neches River east ot Beaumont precludes long wind
wave fetches. The maximum effective fetch length for wind waves 1n the Port of
Beaumont 1s abodt 2 miles. wWwith a channel depth of 40 ft and a tidal surge
herght of 5 ft for a water depth of 45 ft, and an easterly wind, the following
wave calculatyons can be made: 25 kt winds, 1.7 ft wind waves; 35 xt winds,

2.5 tt wind waves:; 50 kt winds, 3.9 ft waves; /5 kt winds, 5.9 ft wind waves;
and 85 kt winds, 6.9 ft winds waves (U.S. Army Corps ot Engineers, 1973). The
heights gtven would occur only at the west end of the port with reduced heights

elsewhere.
3.4.3 Qrange

The location of the Port of Orange un the Orange Municipal Slip effectively
precludes significant wave actiron at the port. With a channel depth of 30 ft
and a 5 ft ti1dal surge for a water depth of 35 ft, and a southeasterly wind
blowing through the slip parallel to the pier, the following wave calculations
can be made: 25 kt winds, 1.3 ft wind waves; 35 kt winds, 1.9 ft wind waves;

50 kt winds, 2.9 ft winds waves; 75 kt winds, 4.3 ft wind waves; and 85 kt winds,
5 ft wind waves {U.S. Army Corps of Engineers, 1973). The wave heights given
would occur only at the northwest end of the slip with reduced heights else-
where. Similar heights would be expected in the river channel adjacent to the
Lay Berth Facility with northeast or southwest winds, hut, LCecause the pilers are
oriented cross-channel, alongside areas of the piers would be protected from any
significant wave action.

3.5 STORM SURGE AND TIDES

Storm surge may be visualized as a raised dome of water, moving with the
storm, and centered a fewmiles ryght of 1ts path. This dome helght 15 related
to local pressures (1.e., a barometer effect based on intensity of the sterm!
and to the local winds. Other significant contributing factors arve storm speed,
direction of approach, bottom topography, and coincidence with the astroncesical
tide.

The worst circumstances (Harrais, 1963) would include the follawing:

1. Intense storm approaching perpendicular to the coast with landfal)
within 30 n m1 to the west.

2. Broad, shallow, slowly shoaling bathymetry,

3. Coincardence with haigh astronomical tide,

et
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The Gulf Coast shoreline adjacent te Port Arthur fulfills the batnymete,
Criteri1a and renders the Port Arthur area susceptible to storm Surges,
Mistory has shown tnat the Port Arthur area 15 vulnerable to tne oo roen,

of destructive storm surge assocrated with tropical cyclones. Tne vulneracslye

of the area has been proven by two storms uf recCent memory, Hurri1d<ine Auire,
June 1957, and Hurricane Carla 1n Septemoper 1961, Audrey, whicn moved 1nian:
some 16 miles east of Sabine Pass, was one of the Tost severe hurricanes t
strike the .oast of the United States 1n the month of June, [t generated a
surge of 9.4 ft above MSL at Siabine Pass, witn 5.0 fu apbove MSL recorded 31 Prre

Arthur and 4.5 ft above MSL recorded at Seaumont., Several lives were ost, anl

over 1.5 million dollars of damage was suffere: 1n the area. Hurrtcane Cav 2,
the largest storm to strike the Texas coast since 1900, crossed the cnast

i approxi1mately 200 miles southwest of Sabine pass, but surge neights orf 9,4 f¢t

| above MSL at Sabine Pass, 7.6 ft above MSL at Port Arthur, =% ft aoove MSC at

| the mouth of the Neches River, 3.1 ft above MSL on thne ncrth shore of Sacine
Lake, and 7.4 ft above MSL on tne Sabine River at Qrange were recorded. The
surge 1nundated 40 percent of the Port Arthur area, witn mrilions of 3¢iiare oo
damage suffered (U.S. Army Corps of tngineers, 12794,

Sixteen tropical cyclones have had significant eftects an the Part arting
area since 1900. Of these, 4 have caused surges of /7 ft or mare above MO =
Sabine Pass, with 3 exceeding 9 ft. For these causing sarges of over W *o 30 .«
MSL at Sabine Pass, Port Arthur recarded surges exceeaing 7 ft above ¥ ~n
instances and over 5 ft in the other, witn these occurring i1n 1913, 1957, -
1961. Figure XIII-20 shows the tracks of the three hurricanes.
Several similarities ex1st between Hurricane Carla and the 1915 <t ope

Bot! originated outside the Gulf of Mexico and, after entering the Guit o
Mexico through the Yucatan Channel, maintained hurricane strength 3s tnre,
followed parallel tracks to the Texas coast; and both recurved after =ik in
landfall. Hurricane Audrey, an early season storm, developed 1n the gulf ot
Campeche and moved northward, crossing the coast just east of sabing Zags hetow
recurving northeastward. Audrey's track closely approximates the ~aximgr

probabili1ty threat track shown in Fagure XI[I[{-12.
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Figure AI11-20. Tracks of
three tropical cyclones
that produced storm tides
of 9 ft or greater at
Sabine Pass and 5 ft or
greater at Port Arthur.
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Tne U.S5. Army Corps ot Etngineers has developed tidal flood estimates for
a hypothetical "l0U-Year Frequency Hurricane." In addition, they have developed
estimates for the "most severe tropical storm that s conside~ed to be reason-
ably characteristac ot the geographicil area anvoived," referred to as the
"Standard Project Hurricane” [US, Army Sorps ot tngineers, 19638). The 10C-Year
Hurricane and Standard Project durricane vilues tor various locations 1n the

v

Port Arthur area as shown n Frgure 2ili- 1 tre Jiven in Table X[11-4,

Table X111-4. PO eYedr " regoenoy v 1o ane and Standaryg Frojgect

Hurricane induced water ne gty vy 1ty 1 the Yort Arthur

ared (U.S. Army JTorps ot Dngeeo,eg o Tans Jorhained etteo v, ot

high astronomiycal trde and Storm S grge 00 high water levels

assocrated with landtalling nuvn anes approaching perpendicular i
to the shoreline 3dtacent to Pt Arvtn v, Herghts 1n tne miiddle

column would ocear oo e an Db g s ot dverigre, and thase

the right colunn “an bDe Jesorithel as “warst-conceivable.' Al
herahts an teetr ab e MY

190-Year Standary
cacatron Freguency Prejedt
Location Code* Hurricane Hurricane
S b
Southwest Sabine Lake 1 14 16
Taylor Bayou N 13 1
Northwest Sabine Lake 3 13 | o
Neches River 4 13.5 1505 ;
[__v- e e - - e g e - —_—
Port Neches 5 14 16
Adams Bayou b 13.2 1700
| SR L SN SR
Orange Municapal Ship 7 13.8 17.¢
lLay Berth Facility 8 13.8 17,2

*See Figure XII11-21,

A tidal surge of the magnitude of a 100-Year Frequency Hurricane or Standary
Project Hurricane would inundate most ot the land area between Beaumont, Orange,
and Port Arthur. Some areas of Beaumont would be flooded, but rost ot the ity
1s above flood level. Not so, however, for Urange. A tidal surge ot the
heirghts given yn Table XI11-4 could resul! 1n water depths up to 9 ft 1n the
downtown area (U.5. Army Corps ot Engine, s, 1963). Most of the area surround-
ing Port Arthur would be flroded.but a recently completed levee system 1s

designed to protect the city 1tself from mdjor tlooding.
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Astronomical tides at tne jettied entrance to Sabine Pass range about 2.5 ft
and 1.5 ft at Port Arthur. Periodic tides are negligible on the Sabine and
Neches Rivers. Tidal currents between the jetties at Sabine Pass average 1.1 kt
at flood tide and 1.6 kt on the ebb, with a maximum velocity of 2.5 kt observed
(U.S. Department of Commerce, 1980). Current velocities on the Sabine and
Neches rivers depend largely on water runoff from precipitation. Maximum
channel veloctities on the Sabine River that would occur as a result of flooding
have been calculated to be about 4.6 kt (8 ft per second). Because tropical
cyclones are usually accompanied by heavy preciprtation, similar maximum
velocities are possible with the passage of a tropical cyclone. Velocitres
resulting only from floods caused by hurricane tides, rather than precipitation,
are not expected to be significant (U.S. Army Corps of Engineers, 1968).

4. THE DECISION TO tVADE OR REMAIN IN PORT

4.1 THREAT ASSESSMENT

For the masters of deep-draft vessels, the lack of protected alongside
berths and the elapsed time reguired to negotiate the ship channels leading to
open water n the Gulf of Mexico make early assessment of each tropical cyclone
threat essential. This assessment should be related to the setting of hurricane
conditrons of readiness by U.S. Navy, U.S. Coast Guard, and civil authorities,
and conducted using current advisories and forecasts 1ssued by the Navy and
National Weather Service, and climatology presented herein.

As can be seen in Figures XIII-12 through XIII-16, the greatest threat of
strong winds 1n the Port Arthur area comes from tropical cyclones which follow
one of two main tracks. Seventy-five percent (9 of 12) of the tropical cyclones
which caused sustained winds of gale force (Figure XIII-17) followed these
tracks, with 5 entering the Gulf of Mexico from the Caribbean Sea and following
@ northwesterly course to the Texas coast. Four storms, 1ncluding Hurricane
Audrey, originated 1n or near the Gulf of Campeche and moved northward to the
coast. Hurricane Audrey 1s the only tropical cyclone to cause winds of
hurricane force to be recorded in the Port Arthur area.

While the greatest threat of storm surge occurs when tropical cyclones
approach more or less perpendicular to the coast and make landfall within
75 nm1 west and 30 n m1 east of Sabine Pass, any storm causing sustained winds
with a strong southerly component 1n the Port Arthur area could produce a
significant storm surqge. A prime example of this situation 1s Hurricane Carla
of September 1961 (Figqure XII1-20). Carla made landfall some 200 miles
southwest of Sabine Pass, yet caused a tiydal surge of near record levels 1n the
Port Arthur area.
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The individual storm 1ntensity and speed of movement affect the extent of
damage that can be expected from any given storm. As a general rule, any
intense tropical storm or hurricane approaching from the Gulf of Mexico such
that Port Arthur 15 located 1n the dangerous right front quadrant of the storm
can result 1n severe wind and storm surge conditions. The months of maximum
threat 1n terms of frequency and severity are August and September.

4.2 EVASION AT SEA

Evasion at see 1s the recommended course of action for all seaworthy deep
draft vessels when the port 1s under threat from an intense tropical cyclaone
approaching from the Gulf of Mexico and which threatens to landfall within
100 nmyr west or 50 m1i1les east of Sabine Pass. Taming of this decision 1s
affected by:

/

t1) The forward speed of the tropical cyclone.

{2) The radius of hazardous winds and seas that can 1mpact on a vessel's
capacity to reach open water and then maneuver to evade.

(3) The elapsed time tc make preparation to get underway.
(4) The elapsed time to reach open water.
For example:

The worst case situation would be an 1ntense tropical cyclone moving
more or less perpendicular toward Port Arthur from the south. Assume
6 hours are required to make preparations for leaving port after the
decision to evade at sea is made, and assume another 4 hours are
required to transit the channels enroute to deep water 1in the open
sea. (If the vessel were departing Beaumont or Orange, the transit
time would 1ncrease by 3-5 hours.) A tropical cyclone approaching at
an average speed of 10 kt wi1ll have moved 100 nmi closer to Port
Arthur by the time open water s reached and the vessel 1s about

20 n mi closer to the cyclane. Add to this the radius from the
tropical cyclone center of strong winds likely to hamper harbor
operations, say 200 n mi. Summing these values gives 320 miles
(20+100+200) or 32 hours (at a 10 kt speed of advance) as the minimum
tropical cyclone displacement from Port Arthur 1n distance or time
when the deci1si1on must be made to evade at sea successfully. A
greater margin may be appiicable depending on greater cyclone speed and
intensity, and speed capability of the vessel.

Hurricane Condition IIl is set when hurricane force winds are possible
within 48 hours. It 1s apparent that the decision to prepare for sortie should
be made soon after setting Hurricane Condition IIl. Although at this time the
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storm center may be more than 500 miles distant, 1t should be remembered that
the average tropical cyclone forecast error over a 48-nr period 1s on the order
of 220 miles for those tropical cyclones threatening Port Arthur. Later
departures wager the accuracy of information on the storm's behavior against
mounting risks of heavy weather damage.

Once sea room 1s attained, the tactics employed will, of course, depend on
the location of the threatening tropical cyclone, 1ts speed of advance, and 1ts
direction of movement. Up-to-date information 1s essential 1f sound decisions
are to be made. Tropical cyclone location and i1ntensity 1nformation with
today's satellite technology 1s accurate and timely, Forecasts and warnings are
1ssued at 6-hourly 1ntervals and updated as necessary to reflect 1mportant
changes 1n position, 1ntensity, and movement.

Ship masters wit! access to these advisories/warnings are in the best
possible position to modify evasion routes and tactics, as required, to
successfully evade the storm.. The cardinal rule of seamanship 1s to avoid the
dangerous right-hand semicircle. The following quidelines are offered:

(1) For tropical cyclones approaching from the east or southeast: Steam
southwest to 1ncrease distance from the storm while taking advantage of
following winds and seas. Because of the shape of the Texas coastline west of
Port Arthur, maneuvering room 1s restricted; a fact which must be considered

before an evasion to the ﬁouthwest 1s attempted.

{2) For tropical cyclones approaching from the southwest: After an early
departure to avoid the worst effects of headwinds and seas, steam south or
southeast to reach a latitude south of the cyclone center.

{(3) For tropical cyclones approaching from the south: Tropical cyclones
moving across the Gulif of Mexico 1n a northerly direction present the most
vexing of evasion problems. Many storms move directly into the coast early 1n
the season, but 1n September and October there 1s a strong likelihood of cyclone
recurvature to the northeast while sti1l]l centered over the Gulf. An evasion
route decided on earlier may have to be altered based on unexpected changes 1n
cyclone movement. Evasion tactics must be based on the latest tropical cyclone
forecast position and movement.

4.3 RETURNING TO HARBOR

The damage and disarray at a port resulting from a tropical cyclone strake
may include navigation hazards such as displaced channel markers, wrecks 1n the
channel, or channel depths that no longer meet project specifications. Also,
since each of the Ports of Port Arthur, Beaumant, and Orange 15 accessed by
narrow channels, the potential for such hazards 1s large. Harbor facilities may
be so damaged as to preclude offering even minimal services. Check with the
Port Authority before attempting to return.
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4.4 REMAINING IN PORT

Remaining 1n port at Port Arthur, Beaumont, or Orange 15 an option that
should receive sertous consideration whenever a vessel 1s 1ncapable nf
successful evasion at sea or 1in secondary threat situations, 1ncluding:

(1) A tropical cyclone developing within the 180 n m1 radius critical
area.

(2) A weak tropical cyclone approaching from the Gulf of Mexiuo and
forecast not to intensify.

(3) A tropical cyclone approaching overland from the east or west.

(4) A tropical storm/hurricane expected to approach within 180 n m1 and
make landfall more than 100 n m) west or 50 miles east 4f Sabine Pass.

If a decision 1s made to remain 1n port, and 1f vessel Jdraft 15
sufficiently shallow, use of the Port of Orange Lay Berth Facility (Figure
XI111-9) ys recommended. The strength of the concrete piers makes 1t more
acceptable than the marginal wharfs at the Orange Municipal Slip and Port
Arthur. Wind speeds at Beaumont would be somewhat reduced due to friction, but
local authorities express concern regarding the strength of the bholiirds ant
bits on all but one wharf at Rcaumont, and consiyder them unacceptable 1n 3
hurricane wind situation. 1f vessel draft or non-avairlabirlity precludes use of
the Lay Berth Facility at Orange, few desirable options remain. Securing the
vessel to the most structurally sound wharf available 1s recommended, using
sufficient lines to withstand hurricane force winds yet allow for water heignt
fluctuations of the predicted :ncunts. Bow and stern "insurance lines" ot heavy
wire rope are recommended.

Riding out a tropical cyclone at anchor 15 an alternative that shoulid he
considered only 1n an extremely weax tropical cyclaone threat satuation, Except
for the Maritime Administration anchorage, none ot the anchorages shown an
Figure XIII-2 have the qualities necessary for a good heavy-weather anchorage,
Since Maritime Administration permission would have to be obtained, and drafts
are limited to 16 ft or less, use of the Maritime Administration anchorage would
be restricted to only the most exceptional cases.

5. ADVICE TO SHALLOW DRAFT VESSELS

Shallow draft vessels should, 1f feasible, be removed from the water and
firmly secured ashore at an eltevation of at least 20 ft to avoi1d possaible high
water. Short of this 1t 1s recommended that small craft seek shelter 1n the
upper reaches of the Neches River above Beaumont or the Sabine River above
Orange. The U.S. Coast Guard at Port Arthur, upon the setting of Hurricane
Condrtion One by the Eighth Coast Guard District, sends 1ts small craft to the
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Sabine River at Orange. It should be borne in mind that southerly winds and
storm surge, coupied with upriver precipitation runoff, may cause extensive
flooding.

The following extract from U.S. Coast Pilot 5 (U.S. Department of Commerce,
1980) s relevant: “Hurricane moorings. On receiving advisory notice of a
tropical disturbance small boats should seek shelter 1n a small winding stream
whose banks are lined with trees, preferably cedar or mangrove. Moor with bow
and stern li1nes fastened to the lower branches; 1f possible snug up with good
chafing gear. The knees of the trees wi1ll act as fenders and the branches,
having more give than the trunks, w11l ease the shocks of the heavy gusts. If
the banks are 1ined only with small trees or large shrubs, use clumps of them
within each hawser loop. Keep clear of any tall pines as they generally have
shallow roots and are more apt to be blown down."

Using open water anchorages to ride out the passage of a tropical cyclone
15 extremely hazardous. Virtually no protection 1s afforded except near tne lee
shore. Wind wave activity can be quite destructive, not to mention the hazards
of floating debris resulting from the effects of wind waves, high water, and
high winds.

The prudent small boat operator will have selected several potential havens
beforehand in which to take shelter in vartous tropical cyclone threat sirtua-
tions. He will proceed to his haven well 1n advance to avoid the chaos and
congestion endured by his fellow boaters who delay until the onset of
destructive conditions 1s imminent,
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XIV. TAMPA. FLORIDA

SUMMARY

Tampa's location n the hurricane belt, lack of
sheltered facilities, and vulnerability to storm surge
render 1t a poor hurricane haven. Evasion at sea ¢
recommended for all seaworthy deep-draft vessels when Tanpa
is threatened by an intense tropical storm or hurricane
approaching from the Gulf of Mexico, or hurricane
approaching overland across the Florida Peninsula.

Small craft should be removed from the water and firmly
secured above the predicted high water line. Otherwise,
seeking shelter 1n the upper reaches of the Hillsborough,
Alafia, or Little Manatee Rivers 1s recommended.

Located on the west coast of the Florida Peninsula,
Tampa 1s the largest port 1n Florida and the 7th largest
port 1n the United States. No U.S. Navy ships are home-
ported vn Tampa, but MacDiyl1l Air Force Base 1s a prominent
military presence.

Tampa has been threatened by an average of 1.6 tropical
cyclones per year, of which 1 out of 5 caused sustained
winds of gale force 1n the Tampa area. While there are 4
recorded 1nstances of sustained 50 kt winds during the years
1932-1979, only one tropical cyclone caused sustained winds
of hurricane strength.

The hurricane season 1S5 late May through early
November, but Tampa has been threatened by tropical cyclones
as early as february and as late as December. The maonths of
maximum occurrence are September and October, but June 15 a
strong threat month for tropical cyclones moving northward
from the western Caribbean Sea.

Although tne landmass of the Florida Peninsula lies
east of Tampa, 1t affords little protection from tropical
cyclones. History has shown that Tampa 1s vulnerable to
tropical cyclones approaching from all directions. Forty-
two percent of all t-opical cyclones causing sustained winds
of gale force to be recorded 1n the area had trajectories
that carried tnem over a large portion of the landmass
southeast of Tampa prior to affecting Tampa.

This hurricane haven cvaluation was preparced by
RoDe Gilmore ot ocean Data Gystems, Inc, (0ODS1),
Monterey, CA D3vdo, X1V-1

Change

1

n A N WA e, e 1 T—— e




TAMPALFL

1. GEOGRAPHICAL LOCATION AND TOPOGRAPHY

Tampa 1s located at the approximate mid-point on the west cuast of lrne r
Florida Peninsula. As shown n Figure XIV-1l, the ci1ty andg Port ot Tanps "oe st

the north end of Hillsborough Bay, an arm of Tampa Bay. Apprcximately b to

miles wide and some 20 m1ies long, Tampa Bay serves not only as access Lo Uhe

Port of Tampa, but also the Port of St. Petersburg, Port Tampa, and ‘urt
| Manatee.

As 1s the case with many of the areas on the Gulf Coast, the lanas
surrounding Tampa Bay are generally low 1n elevation, and much of the lTow-lying
real estate has been developed for homesit=2s or 1ndustrial purposes. Eriepdl ot
a section of southern Pinellas Peninsula, few elevations reach 30 ft withan 2
miles of the bay.

For deep-draft vessels, the main ship channel passes between Lamunt heyv 3nd

Mullet Key 1nto a dredged cut that enters Tampa Bay (Figure XIV-11. A& Federsi
project provides for depths of 36 ft 1n the entrance from the Gulf of Mex1c.,
thence 34 ft to Tampa and Port Tampa (U.S. Department of Commerce, 1980 .*

Southwest Channel, a natural passage south of Egmont key, has 2 controlrng
depth . f about 16 ft but 1s subject to shocaling {(U.S. Department of lommerce,
1980). Use of Southwest Channel 1s not recommended for ocear gorng vesseis
except those with very shallow drafts.

Water depths 1n Tampa Bay vary significantly from one location to arcther,
put are generally shallow with depths less than 15 ft outside the natural
channel through which the dredged channel 1s cut.

The waters of 01d Tampa Bay (Figure XIV-1) are uniformly shallow with
depths of less than 12 ft predominating. Depths of 15 to 17 ft are located nu s~
the center, while 18 to 24 ft can be found 1n a small area 1n the southeast
corner of the bay. Water depths in Hillsborough Bay {(Figure XIV-1l! are ais.
shallow with depths outside the dredged channel generally less than 1. ft.

One bridge crosses the channel at the entrance to Tampa Bay. UCailed tne
Sunshine Skyway, 1t 1s a land-filled causeway for most of 1ts length, but
becomes an 800-ft fixed span over the main ship channel with clearances of
149 ft at the center and 140 ft at the fenders (U.S. Department of (Commerce,
1980). Originally constructed as a twin span bridge, 1t was reduced to a3 sia50,
span after the westward structure was downed when struck by a shap JdJurang 4

storm. No other bridges cross the ship channel., Three low-clevation Ciasewds

and braidge combinations cross 01d Tampa Bay between Tampa and Pinellas Penancula

but do not cross the ship channel and, therefore, do not impact ship movement,

*
See Nottice to Marainers and latest editrons of charts for contralling depths.
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2. PORT AND HARBOR FACILITIES

7.1 HERTHAS FOR DEEP DRAFT VESSELS

2.1.1 Port of Tampa

Tne Port of Tampa 1ncludes the facilities at Tawpa prope-, 2ort Tampa, Zort

Sittaon, and fast Tampa (Alafia Raiver)., 0f the 96 pirers, wharves, and docks it
the Part of Tampa, only 19 are owned by the Tampa Port Authoraty., 0f these, 3

have alongside depths of less than 20 ft, and arc not considored to he duep-

draft facilities, The remaining 1A are locate ! around the peraphnery of Hoowers

Pnint and on Ybor Channel, With alongsaide deptas of 20 to 33 ft (30-34 ft

predominating), the facilities have deck heirghts ranging from 6 to 145 ft, wath

most deck heiyghts wn the 6 to & ft ranae,
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Port Manatee has two 2000 horsepower diesel-operated tugs availlable for
docking, undocking, and vessel movement as necessary.

2.1.3 Port of St. Petersburg

The Port of St. Petersburg 15 not considered to be a true deep water port
Although, according to U.S. Department of Commerce, 1980, "A draft of 25 ft can
be taken within 0.5 mile of St. Petersburg by following the main ship channel
through the west reach leading to Port Tampa, then turning southwest 1nto the
natural deep water area extending toward St. Petersburg,” the controlling depth
1n the port oasin 1s only 15 ft. The Port of St. Petersburg has 1500 ft of
bertning space with an alongside depth of 17 ft and a deck height of 5 ft ;U.S.
Department of Commerce, 1980).

Tne J.5. Coast Guard maintains two shallow-draft 210-ft cutters at the Port

of St. Petersburg.

2.2 HEAYY WEATHER FACILITIES AND ANCHORAGES

Tampa Bay offers little shelter from heavy weather, The generally low
elevations of the surrounding terrain afford only l1imited protection from strong
w1nds. Tne configuration of the bay makes 1t most vulnerable to winds from the
soutn or sodthwest, but the area 15 l1able to the effects of wind from any
frreltion,

S2veral anchnrages are gavailable 1n or near Tampa Bay. According to J.S.
Uepartment of  Camerce, 1980, "Vessels with good ground tackle should anchor :n
tne Tampa Anchorages, N and S of tne Tampa Safety Fairway leading to fgmont
Chann=1 .... These anchorages can be used to ride out any gale short of 1
hurricane.” Tne approximate positions of these anchorages are 1ndicated by the
letter "A" on Figure XIV-1l. Jther commonly used anchorages are 1ndicated by the
letter "B" on Figure XIV-1 but, according to local authorities, they are
recommended as fair weather anchorages only and should not he used for ridina
out a storm,

Facilities are availabie for making repairs to hulls and machinery.
Included 1n this capability are two graving docks, one measuring 900x150 ft [the
largest on the Gulf Coast), and a second measuring 546x76 ft (Tampa Port
Authority, 1981).

Tugs are normally used for assisting 1n docking, undocking, and towing.
They are tnplentaful supply for normal operations, but since some may be out of
the area on towing jobs to other ports, and 1n view of likely 1increased demand
when heavy #eather 15 expected, arrangements for tug services should te made as

parly 31s possible.
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2.3 FACILITIES FOR COASTAL AND IN-SHORE VESSELS

Tampa Bay 1s located in an important shipping and fishing area and serves
many fishing vessels. The region 1S also amajor winter resort area and home to
thousands of recreational boaters, so Tampa Bay and surrounding waters are busy
with small craft of many sizes and types.

Numerous marinas permeate the entire region, offering a complete range of
accommodations and services, 1including repair, fuel, ice, water, and food for
recreational boaters, and 1n some 1nstances, small commercial fishing vessels,
Several commercial facilities for serving coastal, inshore and fishing vessels
are described 1n Port Series No. 17 published 1n 1979 by the U.S. Army Corps of

tngineers.
3. ANALYSIS OF THE TROPICAL CYCLONE THREAT AT TAMPA

3.1 INTRODUCTION

By examining relevant characteristics of tropical cyclones such as track,
speed of movement, 1ntensity, month of occurrence, etc., some insight may be
gained 1nto their typical behavior. This background knowledge and understanding
allows attention to be focused on those storms most likely to have a seriogus
effect on Tampa. However, the historical behavior of storms and their 1mpact on
Tampa should not be regarded as areliable guide to the detailed behavior and
impact of a particular storm as 1t approaches the port.

3.2 CLIMATOLOGY

For the purpose of this study, any tropical cyclone approaching within
180 n m1 of Tampa 1s considered to represent a threat to the port.

The iocation of Tampa on the west coast of the Florida Peninsula is
significant, since the coastline 1s nearly parallel to ncormal tropical cyclone
tracks as they move more or less northward out of the tropics. Also of
1mportance 1s Tampa's latitude of about 27.8N; this is within the normal locus
of traopical cyclone recurvature which oscillates between latitudes 25N and 35N.
This latter factor 1s important, because it is the character of tropical
cyclones to slow and 1ntensify during the recurvature stage. During
recurvatuce, 1t 1s difficult to predict with great accuracy the rate of
recurvat e, the storm speed of movement subsequent to recurvature and,
obviously, the storm's precise future position at a pcint in time.

The hurricane season extends trom late May through early November, but
tropical cyclones occur occasionally outside of that period, with Tampa
recording storms n February and December. Ouring the 109-yea:, period from 1871

through 1979 there were 171 tropical cyclones that met the 180 n m) threat

[
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criteria for Tampa, an average of nearly 1.6 per year. Table XIV-1 shows the
montnly totals and percentages. These data are graphically presented 1n Figure
XIv-4,

Table XIV-1. Monthly totals of tropical cyclones passing
within 180 n mi1 of Tampa during the period 1871-1979,.

Month Number % of Total
February 1 0.5
May 4 2.4
June 21 12.3
July 12 7.0
Augus*t 28 16.4
September 50 29.3
October 52 30.4
November 2 1.2
December 1 0.5

Figure Xiv-5 11lustrates the 171 events as a function of compass octant
from which troprcal cyclones have approached Tampa d.ring the years 1871-1979.
The numbers 1n parentheses represent the percentage of cyclones from the sample
approaching from a particular octant. The figure shows that the major threat
sector extends from the southeast through southwest, as 67 percent of the
cyclones approached from those sectors. It 1s significant to note that tropical
cyclones have approached from all of the octants; no octant 1s "safe" from a
storm's approach. 0Of trhe 12 tropical cyclones that have caused winds of gale
force (34 kt or greater) to be recorded at Tampa since hourly wind records were
first maintained 1n 1932, 5 have had trajectories that carried them over a large
portion of the land mass southeast of Tampa.

Six troprcal cyclones have formed within 180 nm1 of Tampa, of which 2
developed rapidly to hu.ricane strength.

Records of tropical cyclones penetrating the 180 n m1 critical area during
the 8l-year period for which tropical cyclone intensity data are available are
tabulated 1n Table XIV-2 by intensity and month of occurrence. Whereas Table
XIV-1 showed that October had a slightly higher percentage of trapical cyclone
activaity when all of the 171 tropica! cyclones occurring during the period 137.-
1979 wer. considered, Table XIV-2 shows September to be the month of greatest
activity for the years 1899-1979. 0f 53 hurricanes recorded during this period,
34 (H4%) occurred 1n September and October. Overall, 79 out of 115 (69%)
t-opical cyclones occurring during this 31 -year period were of the two stronagest

cateqgories.,
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]
Table XIV-2. Classification of 115 tropical cyclones whicnh passed !
within 180 n my of Tampa during the period 1899-1979.

Max imum Feb- Nov-

Intensity* June July Aug Sep Oct Dec Totals

Hurricane 5 4 8 19 15 ¢ 53
i
! Intense
| Tropical 3 1 6 6 5 ) 26
! Storm

Weak

Tropical 3 2 2 4 7 1 15

Storm

t
Tropical -
Depression ! 2 2 3 6 l 0 17 .
|
TOTALS 21 9 19 35 28 3 115

*Intensity vaiues reflect the maximum 1ntensity while 1n the 130 n m»
# eritical radras of Tampa. Upper Twmit of a weak tropical storm s 47 kt,
i Frgures XIV-o through xIV-10 are statistica! summartes of threat probabil-

)

1ty for the years 1271 through 1979, These summary data are presented in fave
charts, eich representing data encompassing specific periods during the year:
tropical cyclones occurring during February through June, July and August,
September, Octoeber through December, and all tropical cyclones 0f record during
the 109-,ear period,

The sclid Tines 1n Lthese figures represent the "Percent Threat" for any
storm location.  The dashed Tines represent approximate approach timas to Tampa
hased on the climatolngice! approach speed for a particular location. Far
exanple, 1n Figure xIV-6, a tropical cyclone located over western Cuba has an

N

830% probability of passing within 130 nmy of Tampa, and would vreach Tampa 1n 26

to 48 hours [1 1/2-7 days).

By

The average speed of advance near Tampa of all tropical cyclones with winds
of at least 34 xt that have threatened Tampa 1s about 8 kt. Early season [May
to mra-July) speeds are somewhat higher, averaging 9 to 10 kt, while mid-season
(mid-July to mid-Augqust) speeds are about 7 kt (Neumann and Pryslak, 1931).

A comparison of Fiqures XIV-6 through XIV-9 shows some distinct differences
1n threat axis according to time of year, FEarly in the season, trom febvuary
through June (Figurs XIV-6), the pramary threat axis originates an the western
Caribbean Sea east ot Nicaragua, and extends northward across western fuba to
Tampa. A secondary tareat ax1s originates north of the eastern Pahama [slands

and oxtends west-northwestward across Floryda to Tampa,
By July and ayqust (Figure XIV-7:, the main threat axio has shofted

dramataically noartheastward to a posation Jusbt sngth of tne early season

cecondary track., Oriyginating n the Legser Apntallec, an extengyon of the man

| Alv-10
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track progresses northwestward across Puerto Rico, the Banama Islands, and tne
Florida Peninsula to Tampa. A second extension of the sars tra x cra31rate, i
the Atlantic Ocean well east of the Banamd Islands and follows 3 westawir ! oLt se
until 1t merges with the first axi1s near the Bahamas.

The main threat axis for September (Figure XIVv-Y) closely resentles e
extension of the pramary axis for July-August. Originating Just nerte L f e
Lesser Antailles, 1t passes north of the Greater Antailles, aver tne Sinhasa
Islands and the Florida Peninsula to Tampa. A secondary threit i+:1s arigirates
1in the western Caribbean Sea and extends northward across Cuba to Tanpa, bearir s
strong resemblance to the primary track for early season s+*ormy - f Febraary
through June.

The threat analysis for October through December Figure (]JV-9 reve:ls 3
more complex pattern than that shown for other months, with three 9480 0
: tracks evident. The most prominent of the tracks oriiinates near Lhe _eowes

Sea, tner tornas nacthe g

} Artilles and extends westward across the Caribbean
across western Cuba to Tanpa. A second axis starts n Lo e, torn Ganas

Islands north of the Dominican Republic and extends west-narthwe twird 3 0

Florida to Tampa, while the third axis origrnates in tne western 5o0° !
Campeche, and extends northeastward across tne Gul: ot Me«icn t Tetpa.

Figure XIV-10 represents a composite picture of threst probabrlat, o0 0oy
to CPA curves for the entire year and 15 derived fron all trapical cyo b

tracks passing within 130 n m1 of Tampa during the period 1371-1979.

TAMPA - ALL VEAR

Probability (%) that a4 topral v e
will pass within 180 NM ot Tatipa,

Approxunate  time o readc! osest
potnt of approach

41/2-68
Days

~

Figure XI1V-10, Probability and CPA curves for all tropical cyclones
passing within 180 n mi of Tampa (shaded circle), based on data XIV-15
from 1871-1979
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3.3 WIND AND TUPOGRAPHICAL EFFECTS |

Recoras of hourly wind data for locattions 1n the greater Tampa Bay ares 3ré

avittanle for the period 1932 througn 1979, One lucition -- S5t Petersburg --
has records avarlable for tne entyre d3-year period, while Tampa ind MacDarli Aar
Forze Base have records fur shorter periods.  The hourly recards that were sied

nothas study are:

Tanpa Novenber 1935 tnrough September 1379
St. Petersburg Adgust 1932 tnrough September 1979
MacDi11 AFB September 1941 through September 1979

The locations of the observing statiyons for Tampa, St. Petersburg, and
MacD111 AFB are indrcated by the numbers "1" through 3" respectavely on Figure
XIv-1.

In the 43-year percod for which wind data are available, 75 troprcal
cy:lones approached sithin 180 n m1 of Tampa, an average of 1.6 per year
tabular breakdown hased on i1ntensity of these cyclones whalz within the 134 n

radius 1s shown 1n Table XIV-3.

Table XIV-3. Classification of the 75 tropical cyclones which
passed within 180 n my1 of Tampa during the pariod 1932-1979,

Hurricane Tropical Storm Tropircal Depression
L 03 kt) (34 to 63 kt) (38 xt) Total (No.,
31 28 16 75

Of the 59 tropical storms and hurricares, 12 caused sustained winds of
J4 «t or greater 1n the Tampa area, based solely on hourly wind observations
during the period. Four of the 12 caused sustained winds of 50 kt or grester,
with 1 causing sustained winds of hurricane force {64 kt or greatar). Two of
the rem3yining 3 caused gusts to hurrvicane force. Based on the 1932 throuan 1979
wind data, gale force winds can be expected from 1 out of every 5 troprcal
storms/hurricanes passing within 180 n m1 of Tampa, and hurricane force winds
can be expected from 1 out of every 20 tropical storms/hurricanes.

Figure XIV-11 depicts the tracks of all 12 storms that caused gale force
winds 1n the Tampa area {track information from Neumann et al., 1978). Figure
XIV-12 shows the location of each storm center when winds of 23 kt or greater
and 34 kt or greater were recorded. Figure XIV-13 depicts the wind directron
distribution for the same 12 stormns while winds of gale force were recorded. It
15 I1nteresting to note that while gale force winds were recorded from all
directions, 11 of the 12 gale force nccurrences started when the wind direct:on
fell within very narrow boundaries -- from noyrth-northeast through northeast,

and from souith-southwest through southwest.

XIv-16
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Figure XIV-11_  Tracks of the 12 tropical cycliones 1939-79 that caused

sustained winds of 34 kt or agreater at Tampa. Although wind reccras
nave been kept since 1932, no gale force winds were rocorded until 195,
Interms of vulnerabiirty of tne Port of Tanpa to wind jasage, wind & v
south or southwesterly direction would have the most potential for dJestr -t nr
because Tanpa Bay 1s open 1n those directions, Although the tervain avount tne
bay 15 low 1nelevation, wind speed would be reduced, 1f only slignt v,

directirons other than south or southwest. Buildings at or near the part wo

provide nore protection from northerly winds than winds from other Jive-tions,

3.4 WAVE ACTION ON TAMPA BAY AND HILLSBOROLGH BAY

Except for a small opening at 1ts mouth, Tampa Bay 15 well protected frov
ocean wave activity., The openings, located between Lamont key and Passige hov
which lies north of Anna Maraa Island (Fiqure XIV-1Y', 15 about 1 1/2 miles wilde
with water depths of 20-25 ft, Large ocean waves moving 10 an arproxinate dui’
direction could move through this narrow passage and 1oty Tdampa Bay, 't maxt ot
the wave energy would be lost due to shallow water and angular sproeg iy o0 tn
east si1de of the passage. However, high winds resultaing tron the pyawrge o

tropical cyclones present a wind wave hazard to marine faoalaitaes avary tne

bay.
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Alse shown are track segrments of winds 21 vt or srester
dasned lines;

figure xIV-13  Directions of winds ///,-‘\\};;§;\‘
34 kt or greater in the Tampa area /// * h

during trepical cyclone passages ‘/ N\
1939-79 Besinning and end of gale

force winds shown vy dot and arrow- /

head, respectively, as in Figure W I P S E
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Maximum wind wave action on Tampa Bay would result from strong north-
easterly or southwesterly winds. Using an average water depth of 20 ft and a
fetch length of 20 miles, the following calculations can be made: 35 kt winds
would generate 4 ft wind waves; 50 kt winds, 5.3 ft wind waves; 75 kt winds,

6.5 ft wind waves; and B85 kt winds, 7 ft wind waves (U.S. Army Corps of
E Engineers, 1973). Adding a tidal surge height of 10 ft would i1ncrease the 85 kt

wind waves to slightly over 9 ft.

[t should be noted that wind wave calculations are based on a uniform depth
over an assumed flat bottom. Since water depth in Tampa Bay and Hillsborough !
Bay varies greatly from one location to another, the above calculations and

those to follow are for use as a quide only and should not be regarded as
absolute values.

3.4.1 Facirlities on Tampa Bay !

Port Tampa 1s located on the west side of Interbay Peninsula (Figure
xIv-1). Open to the west, reduced water depths and fetch length 1imi1t wind wave
heights to 4 ft for 85 kt winds. The Port of St. Petersburg {(Figure XIV-1}) »s
exposed to east and southeast winds and waves. With a fetch length of 7 mailes,
and water depths averaging 15 ft, the following wave calculations can be made:
35 kt winds, 3 ft wind waves; 50 kt winds, 4 ft wind waves; 75 kt winds, 5 ft
wind waves; and 85 kt winds, 5.6 ft wind waves. A 10 ft tidal surge would
increase the 85 kt wind wave height to 7.5 ft (U.S. Army Corps of Engineers,
1973).

Port Manatee (Figures XIV-1 and XIV-3) 1s exposed to the west, but s wel]
protected from significant normal wave action by a spoil bank some 700 yards
west of the Port Manatee turning basin, and by water depths of only 3 ft
(outside the channel cut) extending approximately 800 yards offshore. If a
tidal surge were to 1ncrease water levels by 10 ft, the port would be exposed to
wave heights as follows: 35kt winds, 3 ft wind waves; 50 kt winds, 4 ft wind
waves; 75 kt winds, 5 ft wind waves; and 85 kt winds, 5.5 ft wind waves (U.S.
Army Corps of Engineers, 1973).

3.4.2 Facilities on Hillsborough Bay

The shape of Hillsborough Bay (Figure XIV-1l) renders it most susceptible to
wind waves generated by south and southwesterly winds. With a north-south
lTength of about 8 miles and an average water depth of 15 ft, sustained 35 kt
winds from the south may produce waves of about 3 ft. Similarly, 50 kt winds
would produce 4 ft wind waves; 75 kt winds, 5.3 ft wind waves, and 85 kt winds,
5.8 ft wind waves. If a storm surge of 10 ft were added to the water depth, the
wind waves for a 35 kt wind would increase to 3.8 ft; 50 kt winds, 5.2 ft wind
waves; 75 kt winds, 7 ft wind waves; and 85 kt winds, 7.7 ft wind waves (U.S.
Army Corps of Engineers, 1973). Most of the Hillsborough Bay deep-draft

XIv-19

. . T — d '




TAMPAFL

facilities are protected from wave action by Davais Islands, Seddon Island,
Hookers Point and Pendola Point (Figure XIV-2). Port Sutton 1s exposed to the

west, but limited fetch length and water depth preclude significant wave action
from that direction. FEast Tampa (Alafia River) 1s also exposed to westerly
winds and waves. With a maximum fetch length of about 3.5 miles, the maximum
wind wave height generated by an 85-kt wind would be on the order of 5.5 ft.

3.5 STORM SURGE AND TIDES

Storm surge may be visualized as a raised dome of water, moving with the
storm, and centered a fewmiles to the right of its path. The dome hei1ght 15
related to local pressure (1.e., a barometer effect dependent on the 1ntensity
of the storm) and to local winds. Other significant contributing factors are
storm speed, direction of approach, bottom topography, and coincidence with
astronomical! tide.

The worst circumstances (Harris, 1963, Pore and Barrientos, 1976, and Tampa
Bay Regional Planning Councyl, 1981) would include:

(1) An 1ntense storm approaching perpendicular to the coast with the
harbor within 30 n m1 to the right of the storm's track.

{2) Broad, shallow, slowly shoaling bathymetry.

(3) Coincidence with high astronomical tide.

The waters along the west coast of the Flori1da Peninsula 1n the vicinity of
Tampa Bay meet the bathymetry criteria. Thas factor, coupled with the charac-
teri1stics of Tampa Bay (1.e., large mouth exposed to seaward and shallow
depths), render Tampa Bay exceptionally vulnerable to storm surges.

Documents on fi1le at the National Weather Service O0ffice wn Ruskin, Florida
indicate that the Tampa Bay area has recorded storm surges as early as 1848.
Some excerpts from the records are given 1n Table XIV-4

Figure XIV-14 shows the tracks of the storms causing the water level
changes listed 1n Table XIV-4 for the years 1910 through 1972. (Track informa-
tion from Neumann et al., 1978, and DeAngelis, 1973.) Tracks for the 1848
storms are unavailable.

The values given 1n Table XIV-4 show that a ti1dal surge of 5 ft or more 1s
not an uncommon occurrence 1n Tampa Bay, and that surges of devastating propor-
tions (such as the one 1n 1848) are possible. Also of significance i1s the
record for October 18, 1910 when the water level 1n Hillsborough River fell 9 ft
below MLW. This circumstance was caused by a tropical cyclone of tropical storm
intensity passing to the east of Tampa while on a northward course, causing
offshore winds that forced much of the water from the bay, resulting 1n the
water level drop. The same effect was observed when Hurricane Betsy passed wel)
south of Tampa on a westward course in 1965. According to local authorities
"about a mile of shoreline" was exposed when Betsy passed.

X1v-20
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Table XIV-4, Water Level data for Tampa Bay and adjacent waters during near
passages of tropical cyclones as extracted from records maintained by the
National Weather Service Office, Ruskin, FL.*

Date 4{ Water Level Data

1848 Sep 25 P Tide 15+

1848 Oct 16 I Tide 10'**

1910 Oct 18 Water 9' below MLW in Hillsborough River -
usual depression 1'.

1921 Oct 25* Tide 10.5'** highest since 1848

1935 Sep 2-4 Tide 5.3' above MLW

1944 0Oct 18-19 Tide 3.1' above MLW

1945 Jun 24 Tide 5.2' above MLW

1950 Sep 3-6 Tide 6.5' above MLW

1966 Jun 8-9 Tide 4.5'**

1972 Jun 18-19 Tide 5.6' above MSL

*Height for October 25, 1921 was measured at the "local office of United
States Engineers" at the waterfront of Tampa on Hillsborough Bay. The
specific locations of other measurement sites were not recorded.

**7ero reference not specified.

Figure XIV-14, Tracks of tropical cyclones that caused significant
changes in water levels in Tampa Bay during the years 1910-72.
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Wind records during the passage of Betsy show that the Tampa Bay region
experienced winds in the 20 to 30 kt range with gusts about 10 kt higher. The
winds had a strong offshore component for about 72 hours -- a duration factor
that contributed heavily to the water level drop.

An excellent example of the susceptibility of Tampa Bay to water level
rises occurred on June 18, 1982, when a small, subtropical Tow pressure center
moved northward along the west coast of the Florida Peninsula. Tampa Airport
(location #1 on Figure XIV-1) recorded gusts to 39 kt, while maximum sustained
winds cbserved along the coast were near minimal gale velocity. Despite these
relatively Jow wind velocities, water rises of 4 to 5 ft were recorded 1n Tampa
Bay. Local authorities express the opinion that, if the wind had not ceased an
hour before the time of high astronomical tide, the water rise would have been
higher.

Recent advances in storm surge prediction techniques have led to the
development of an improved storm surge forecasting tool. Developed by the
National Oceanic and Atmospheric Administration's (NOAA) National Weather
Service, it 1s called SLOSH and estimates the Sea, Lake, and Overland Surges
from Hurricanes (Jelesniansk1 and Chen, 1979 and Tampa Bay Regional Planning
Council, 1981). Tampa Bay values were computed for 3600 grid points on a
"telescoping” polar grid system. The level of resolution varies from one grid
square representing approximately 1.6 square miles on the coast to 0.6 square
miles inland. Several storm tracks were evaluated, comprising 4 directions of
travel with 3 to 8 parallel tracks for each direction. Five storm intensities
were used, each corresponding to a category on the "Saffir/Simpson Scale,” which
was developed by Herbert Saffir and Dr. Robert H, Simpson. Table XIV-5 outlines
the Saffir/Simpson scale.

Table XIV-5. Saffir/Simpson scale.

Central Pressure Wind
Scale
Number Millibars Inches MPH Knots Damage
1 > 980 >28.94 74-95 64-83 Minimal
2 965-979 28.50-28.91 96-110 84-95 Moderate
3 945-964 27.91-28.47 111-130 96-113 Extensive
4 920-944 27,17-27.88 131-155 114-135 Extreme
5 <920 <27.17 155+ 135+ Catastrophic
XIv-22
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Data printouts for several computer runs of the SLOSH model were reviewed,
and surge height calculations for 11 selected points in Tampa Bay were extracted
for 18 storm tracks. These values are given in Table XIV-6. Saffir/Simpson
categories 1, 3 and 5 are given where available, otherwise only category 3 1s
given. Figure XIV-15 depicts specific storm tracks used for the SLOSH model
calculations while Figure XIV-16 shows each of the selected locations for which
data was extracted.

A review of the values given 1n Table XIV-6 reveals that the surge heights
for locations 1n the upper reaches of Tampa Bay, especially inthemain port
area 1n Hillsborough Bay, are significantly higher than those near the mouth of
the bay. The highest water levels would result from category 5 storms moving
inland just north of the main portion of Tampa Bay -- tracks LST, LTC and LCL.

Water levels resulting from what is essentially a "worst case" storm (such
as a category 5 storm following track LTC), would inundate all of the Interbay
Peninsula (Figure XIV-16), Davis Islands, Seddon Island, Hookers Point (Figure
XIV-2), and the land area around greater Tampa Bay to a distance of as much as 4
miles inland in some areas.

Also of significance is the effect that westward tracking storms such as
ET or EN would have on water levels. In both cases, a category 3 starm
would cause water rises of near 10 ft in Hillsborough Bay, which would 1nundate
Davis Islands, Seddon Island, Hookers Point and about 50 percent of the Interbay
Peninsula, including most of MacDill AFB.

Astronomical tides in Tampa Bay are semi-diurnal with a range of about
2.3 ft. According to U.S. Coast Pilot 5, 1980 published by the U.S. Department
of Commerce, "A strong offshore wind sometimes lowers the water surface at Tampa
and 1n the dredged channels as much as 4 ft, and retards the time of high water
by as much as 3 hours. A continued SW wind raises the water by nearly the same
amount and advances the time of high water by as much as 1 hour."

Tidal currents of 3 kt or more at the strength of the greater ebb of the
day may occur n Egmont Channel, Passage Key Inlet, and off Port Tampa, but
flood velocities seldom exceed 2 kt. The tidal currents are greatly affected by
winds. A clockwise rotary tidal current with considerable daily variation 1s
observed 6.7 miles west of Egmont Key Light (U.S. Department of Commerce, 1980).

XIv-23
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T ™

1for selected locations 1n

A1l heights in feet above MSL.

SLOSH surge height calculations

Table XIV-6.
Tampa Bay.
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4. THE DECISION TO EVADE CR REMAIN IN PORY

Instructions for hurricane preparedness at the U.S. Naval Reserve (Center at
Tampa are addressed in COMSEABASWINGSLANT COMNAVBASE JAX OPORD 2000. MacDill
AFB 1s governed by MacDi11 OPLAN 355.1. The Tampa Port Authority promulgates
its Hurricane P.eparedness Plan as Section 14 of the Port of Tampa Operations
Manual.

4.1 THREAT ASSESSMENT

A review of the tropical cyclone threat analysis presented 1n Section 3 of
this evaluation indicates that Tampa Bay 1s at considerable risk to damage
resulting praimaraily from tropical cyclone storm surge, but also from high wind.
The absence of sheltered berths or anchorages makes evasion at sea the safest
course of action for all seaworthy deep-draft vessels as soon as it can be
established that a particular tropical cyclone poses a threat to Tampa Bay.
Early assessment of each potential threat 1s essential, and should be related to
the setting of hurricane conditions of readiness by military and civil authori-
ties, and conducted using current advisories and forecasts 1ssued by the Navy
and National Weather Service, as well as climatology as presented herein.

As can be seen 1n Figures XIV-6 through XIV-11 and Figure XIV-14, the
greatest threats to Tampa are posed by tropical cyclones moving northward out of
the western Caribbean Sea, or westward out of the Atlantic Ocean just north of
the Greater Antilles, and which approach Tampa from the southeast, south, or
southwest. A greater threat of storm surge occurs when a tropical cycione
approaches Tampa from the southwest quadrant, and makes landfall within 100
miles north of Tampa Bay. A storm making landfall south of Tampa Bay such that
strong winds with a significant offshore component would cross Tampa Bay would
be expected to cause a significant lowering of the Tampa Bay water level.

The individual storm intensity and speed of movement will affect the extent
of damage which can be expected from any given storm. As a general rule, any
intense tropical storm or hurricane approaching from the Gulf of Mexico such
that Tampa 15 located in the dangerous right front quadrant of the storm can
result in severe wind and storm surge conditions. It must be remembered,
however, that Tampa 1s vulnerable to storms from the east as well as the west,
and a westerly moving storm crossing the Florida Peninsula can cause significant
damage 1n the Tampa vicinity. The months of maximum threat in terms of
frequency are September and October. Of those storms causing sustained winds of
34 kt or greater to be recorded in the Tampa area (Figure XIV-11), sixty-seven
percent (8 of 12) occurred n September or October; but the 4 storms that caused
sustained winds of 50 kt or greater occurred in the separate months of June,
August, September and October.
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4.2 EVASION AT SEA

Evasion at sea is the recommended course of action for all seaworthy deep-
draft vessels when Tampa is under threat from an intense tropical storm (48 kt
or greater) or hurricane (64 kt or greater) approaching from the Gulf of Mexico
and forecast to make landfall within 100 n mi of—Tampa, or threatened by a
hurricane approaching the Tampa area from the south or southeast across the
Florida Peninsula. Timing of the decision to evade is affected by:

(1) The forward speed of the tropical cyclone.

(2) The radius of hazardous winds and seas that can impact on a vessel's
capability to reach open water and then maneuver to evade.

{(3) The elapsed time to make preparation to get underway.
{(4) The elapsed time to reach open water,

For example:
A worst case situation would be an intense tropical cyclone moving
toward Tampa Bay from the southwest (similar to track LTC in Figure
XIV-15)., Assume 6 hours are required to make preparations tc get
underway after the decision to evade at sea is made. Approximately 3
to 4 hours are required to transit the channels leading to the open
sea. A tropical cyclone approaching at an average speed of 10 kt will
have moved 100 miles closer to Tampa Bay by the time sea room is
attained. Add to this the radius from the tropical cyclone center of
strong winds likely to hamper port operations, say 200 n mi. Summing
these values gives 300 miles (200 +100) or 30 hours as the minimum
tropical cyclone displacement from Tampa in distance or time when the
decision must be made to evade at sea successfully. A greater margin
may be applicable depending on greater cyclone speed and intensity,
and ship speed capability.

Hurricane Condition III is set when hurricane force winds are possible
within 48 hours. It is apparent that the decision to prepare for sortie should
be made soon after setting Hurricane Condition III. Although at this time the
storm center may be more than 500 miles distant, it should be remembered that
the average tropical cyclone forecast error over a 48-hour period is on the
order of 210 n mi for those tropical cyclones threatening Tampa (Neumann and
Pelissier, 1981). Departures coincident with the setting of Condition IIIl are
considered to be the wise and safest course of action. Later departures than
this wager the accuracy of information on the storm's behavior against mounting
risks of heavy weather damage. It is pertinent to note that the U.S. Coast
Guard advises that all ships in good condition should put to sea upon the

setting of Hurricane Condition III.
X1v-27
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Once sea room is attayned upon departure from Tampa, the tactics employed
will depend on the location of the threatening tropical cyclone, its speed of
advance, and 1ts direction of movement. Up-to-date information is essential if
sound decisions are to be made. Tropical cyclone location and intensity
information with today's satellite technology 1s accurate and timely. Forecasts
and warnings are issued at 6-hourly intervals and updated as necessary to
reflect important changes i1n position, intensity, and movement,

Ship masters with access to these advisories/warnings are in the best
possible position to modify evasion routes and tactics to successfully evade the
storm. The cardinal rule of seamanship is to avoid the dangerous right-hand
semicircle. The following quidelines are offered.

(1) For tropical cyclones approaching from the west or northwest: After
an early departure to escape worst effects of head winds and seas, steam south
or southeast along the coast until clear of the storm.

(2) For tropical cyclones approaching from the south or southwest:
Tropical cyclones approaching from these directions pose the most perplexing of
evasion problems due {d—the possibility of storm track changes to the west or
northwest. If a vessel were capable of making a reasonable SOA, say 15 kt, and
could depart sufficiently early so as to take advantage of following winds and
seas, yet avoi1d the hazardous conditions close to the main portion of the storm,
one option would be to steam west or northwest. Once sufficient maneuvering
room was attained clear of the storm, a course change to the south or southwest
may then be made to bring the vessel to a latitude south of the storm center.
Short of this course of action, few options remain. 1In no case should a vessel
be placed 1n the position of being "trapped" between a tropical cyclone and the
Florida coastline north of Tampa. An evasion route may have to be altered based
on unexpected changes in cyclone movement. &Evasion tactics must be based on the
latest tropical cyclone forecast position and movement.

(3) For tropical cyclones approaching from the east or southeast (across
the Florida Peninsula): Steam west-southwestward until sufficient maneuvering
room is attained, tnen southward until reaching a latitude south of the storm
center.

4.3 RETURNING TO PORT

The damage and disarray at a port resulting from a tropical cyclone strike
may include navigation hazards such as displaced channel markers, wrecks in the
channel, or channel depths that no longer meet project specifications. Harbor
facilities may be so damaged as to preclude offering even minimal services.
Check with the Port Authority before ttemptyr- to return.
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4.4 ASSUMING A "WAIT AND SEE"™ POSTURE AT ANCHOR

Amarginal threat may dictate a "wait and see" posture as a reasonable
course of action to follow. A marginal threat situation would include those
s1tuations where an intense tropical storm or hurricane is a considerable
distance away from Tampa and not likely to cause severe conditions at Tampa
within 48 hours (a pre-Condition III situation but still potentially
threatening), or situations where the storm is meandering with no established
direction of movement. As was mentioned in Section 2.2, the Tampa Anchorages
located north and south of the Tampa Safety Fairway leading to Egmont Key can be
used to ride out any gale short of a hurricane. Leaving the pier for anchorage
to awart later developments 1n storm 1ntensity and/or movement offers the
advantage of decreasing the time required to reach open sea should evasion at
sea become necessary.

4.5 REMAINING AT TAMPA

Remaining in port at Tampa 1s an option that should receive serious
consideration in secondary threat situations or in those instances when a vessel
is i1ncapable of successful evasion at sea. Secondary threat situations include:

(1) A tropical cyclone developing within the 180 n mi radius critical
area.

(2) A weak tropical cyclone (maximum winds less than 48 kt) approaching
Tampa and forecast not to intensify.

(3) A tropical cyclone with winds greater than 47 kt forecast to pass more
than 100 miles from Tampa and the forecast 50 kt wind radius does not encompass
Tampa.

If the decision 1s to remain in port at Tampa, the following recommendation
are offered:

(1) Since SLOSH storm surge calculations (Table XIV-6) show that Port
Manatee has significantly lower storm surge heights than those calculated for
the main Port of Tampa facility in upper Hillsborough Bay, and the facilities at
Port Manatee are of new construction, Port Manatee would be the preferred port
facility 1n which to ride out a tropical cyclone at Tampa. Local port officirals
indicate that many shallow draft vessels that cannot put to sea, such as dredges
and barges that work in Tampa Bay, usually use Port Manatee during tropical
cyclone threat situations. For this reason, dock space may be limited, and
early arrangements for accommodations are desirable.

(2) 1f space at Port Manatee is not available or it is not feasible to use
Port Manatee for other reasons, utilization of the main Port of Tampa facility
in upper Hillsborough Bay i1s suggested.
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Little protectr~n {yum wind 1s offered 1n either of tne above situations.
[t *s rec_nmended that 1n each case, vessels be ballasted down as much as
possible, and secured to the dock with sufficient lines to withstand predicted
wind forces, yet allow water height fluctuations of the predicted anounts.

Should a master choose to remain yn port 1t should be borne 1n mind that
h1s vessel will be exposed to dangers beyond that of wind and storm surge.
Other vessels may be broken loose from their moorings, and become floating
nazards. Also, the danger 1s ever present that a damaged or sunken vessel could
effectively block the narrow ship channels 1n the bay, thereby trapping shipping
1n the port for some time after a storm has passed.

5. ADVICE TO SHALLOW DRAFT VESSELS

Shallow draft vessels should, 1f feasible, be removed from the water and
firmly secured ashore at anelevation of at least 20 ft (30 ft 1f the storm 15
posing a "worst case" tnreal) to avoid possible high water. Short of this, small
craft should seek shelter 1n the Hi1llsborough River, Alafia River, or Little
Manatee Raiver,

Table XIV-7 li1sts channel depths and bridge data for the lower reaches of
the rivers. If a drawbridge clearance 15 1ndicated, that clearance #1111 most
Tixely prevall 1n astorm threat situation, as draw bri1dges are left 1n the down

position to tacirlitate evacuation of area residents.

Table XIV-7. River channel and bridge data for the Hillsborough, Alafia
and Little Manatee Rivers (U.S. Department of Commerce, 1980).

River Controlling Bridge
Depth Clearance Miles Above Bay

H11lsborough 4.5 ftl 40 ft 9.1
35 ft 3.2

10 ft2 4.3

7 ftl 6.0

Alafia 3.0 ft4 28 ft, 1.0
6 ft 1.1
Little Manatee | 3.0 ft | 12 ¢t 2.3°

1 - Maintained to 2.5 miles above mouth. Depths above 2.5 mile
point are not specified.

- Draw bridge

2

3 - Swing bridge

4 - With local knowledge at high water
5

Height of adjacent railroad span not specified.
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Seeking shelter at berths or marinas around the periphery of Tampa Bay 1s
not recommended because of the potential for storm surge, and using open
anchorages 1n Tampa Bay to ride out a tropical cyclone would be extremely
hazardous. Virtually no protection 1s afforded except near the l2e shore, and
even then 1t 1s ninaimal, Wind wave activity can be quite destructive, not to
mentiaon the hazards of rloating debris resulting from the effects of ~#1nd waves,
high water, and high winds.

The following extract from U.S. Coast Pilot 5, Atlantic Ocean: Guif of
Ma<ico, Puerto Rico, and Virgin Isldands, as published by the U.S. Department of

Commerce 1n 1980 15 relevant:

"Hurrizane Moorings. On receilving advisory notice of a tropical
drsturbance small boats should seex shelter 1n a small winding stream
whose banks are lined with trees, preferably cedar or mangrove. Moor
with bow and stern lines fastened to the lower branches; 1f possibdbie
Snug up with good chafing gear. The knees of the trees will act as
fenders and the branches having more give than the trunks, will ease
the shocks of the heavy gusts. If the banks are lined only with small
trees or large shrubs, use clumps of them within each hawser loop.
Keep clear of any tall pines as they generally have shallow roots and
are apt to be blawn down."

The ,rudent small boat operator will have selected several potential! havens
neforehand 1n which to take shelter 1n various tropical cyclone threat

tuations. He w1ll proceed to his haven well in advance to avoid the chaos and
congestion endured by his fellow boaters who delay until the onset of

destructive conditions 1s 1mminent.
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XV. BOSTON, MASSACHUSETTS

SUMMARY

This study concludes that the inner harbor of Boston 1is
a hurricane haven. This conclusion is based on the
following factors:

(1) New England is not in the primary hurricane belt,
and hurricane force winds associated with tropical cyclones
are uncommon in the Boston area.

(3) The terrain surrounding the river-type harbor
provides protection from wind and wave action.

Historically the tropical cyclones that have caused
widespread damage in the area have tracked northward at high
speeds (>30 kt). The normal track is northeastward at some-
what lower speeds. These major threat events are associated
with a particular circulation pattern with two key features:
a deep tropospheric trough over tne eastern United States,
and a much stronger than normal high pressure system off the
east coast. This circulation pattern is not common during
the peak hurricane season (September).

The high speed (>30 kt) northward movement of tropical
cyclones under this type of circulation pattern creates a
dual problem for vessels that sortie. First, there is
minimum time available to clear the harbor and shoal areas;
and second, the high speed cyclone is difficult to outrun
once at sea.

Tropical cyclones that make landfall south of lLong
Island and approach Boston Harbor from overland are not
considered a hazard to seagoing vessels. Storms of this
type can create flooding problems.

The outer portions of the harbor (anchorage 1 and sea-
ward) and the outer harbor anchorage areas are not
considered haven areas. The outer harbor is generally
unprotected from winds and seas, particularly those from an
easterly direction. The anchorage areas do not have excep-
tional holding, they are restricted in size, and there are
numerous shoals and ledges throughout the outer harbor area.

This hurricane haven evaluation was prepared by
R.E. Englebretson and J,D, Jarrell of Science
Applications, Inc. (SAI), Monterey, CA 93940,

Change 1
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BOSTON, MA

1. GEOGRAPHIC LOCATION AND TOPOGRAPHY

Boston, the largest city and harbor in the New England region, is located
on the western shore of Massachusetts Bay about 40 n mi west-northwest of the
northern tip of Cape Cod (Figure XV-1). The City of Boston and its surrounding
area are generally hilly, with maximum elevations of approximately 500 ft
reached within 10 statute miles of the main harbor. The surrounding terrain,
peninsulas and islands provide some protection to the harbor area, except for
cases where the winds are from the east. There are numerous dangers in the
approaches to the harbor: islands, shoals and rocks extend 3-4 n mi from shore
through all approaches.

— A - P

MASSACHUSETTS 5 0 5 10 15 20

BAY STATUTE
MILES
’/
b -
s
BUSTON i A ?—,o

o)
2 ATLANTIC OCEAN

Figure XV-1. Locator map of the
Boston and Cape Cod region,

CAPE COL
BAY

MASSACHUSETTS

Several outstanding landmarks mark the various approaches to the main
Boston Harbor area, A tall red, white, and blue standpipe on Winthrop Head is
conspicuous when approaching from the northeastward. The most prominent island
in the entrance as viewed from easterly approaches is Great Brewster. A
turreted tower on Point Allerton is markedly visible when approaching from the
south. Two illuminated radio towers are located two miles south of Point
Allerton; these are useful for night approaches.
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2. THE HARBOR, APPROACHES AND FACILITIES

The harbor includes all the tidewater area lying within a line from the
southern extremity of Deer [siand to Point Allerton, about 4 n mi to the south-
eastward (see Figure XV-2). Important tributaries that flow into and form part
of the main harbor are the Charles, Chelsea and Mystic Rivers. The harbor
region extends to the south of the main harbor and Boston proper, where the
Weymouth Fore River and Dorchester and Hingham Bays comprise the more important
harbor areas.

2.1 APPROACHES

A buoyed Traffic Separation Scheme has been established in the approach to
Boston Harbor {(see charts 13270, 13267, 13246, 13260 and 13200). The inbound
and outbound traffic lanes are 2 n mi wide and extend about 125 n mi east-
southeast to seaward from the precautionary area, The precautionary area has a
radius of 5 n mi centered on the Boston Lighted Horn Buoy B (42°22'42"N,
70°47'00"W), which is about 7.8 n mi east-northeastward of Deer Island.

The principal entrance for deep-draft vessels from the precautionary area
to Boston Harbor is via Boston North Channel to President Roads to Boston Main
Channel (see charts 13270 and 13272). Because of the numerous istands, shoals
and rocks, extreme caution should be used in approaching Boston Harbor.

According to Coast Pilot 1, when approaching Boston from the Cape Cod
sector, soundings of 20 fathoms or more ensure a distance of 5 nmi from the
shore and a position well outside of outlying rocks. Inside the 20 fathom
contour, the soundings are very irregular and cannot be depended upon as a rule
to keep a vessel out of danger. Deep-draft vessels should use the Boston
Traffic Separation Scheme route for approaching Boston Harbor.

When making an approach in fog, a course should be 1aid to clear the Boston
Lighted Horn Buoy B and the water should not be shoaled to less than 20 fathoms
until the buoy is positively located. The Boston North Channel, Boston South
Channel, and the Narrows Channel are the main entrances from the sea to
President Roads. Several other channels of less importance are used by local
vessels.

2.2 ANCHORAGES

General, explosives, and special anchorages of Boston Harbor are shown on
chart 13272. The most commonly used general-purpose anchorage is on the north
side of President Roads. The anchorage in Nantasket Roads, westward of the
southern entrance to the Narrows, has depths up to 50 ft. The anchorage on the
westerly side of Georges Island provides some shelter from easterly winds and
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has depths up to 36 ft. The anchorage area along the northern side of the
channel in the inner harbor is quite exposed to the wind and would have no
protection from debris during a storm.

2.3 BERTHS (see Figure XV-3)

The Corps of Engineers Port Series No. 3 report for the Port of Boston
describes 129 piers, wharves and docks. Many of these wharves are used for
muitiple purposes; the fuel and container wharves are the principal special
purpose facilities.

Navy use of port facilities for docking is usually restricted to the
following areas and piers:

{1) South Boston: Economic Development and Industrial Park (EDIC) north
jetty, Army Base Terminal and Commonwealth pier.

(2) Boston: Coast Guard piers.

(3) Charlestown: Navy Shipyard piers 1 and 2 and the Boston National
Historical Park.

2.3.1 Economic Development and Industrial Park (EDIC).

The EDIC jetties are located on the south side of the inner harbor entrance,
across the channel from Logan International Airport. This berth is used by
carriers and other large ships. It is concrete-capped with steel-sheet pile
bulkheads and is solid filled. The alongside depth is 40 ft and the deck height
is 18 ft, both measurements relative to mean low water (MLW). [t is bordered by
an open apron inboard and the channel outboard.

2.3.2 Army Base Terminal

The Army Base berths are in the Reserved Channel, whose entrance is located
immediately outside the EDIC jetty in South Boston. They are constructed from
concrete, faced with steel piling and solid filled. The alongside depths are
35 ft and deck heights are 17.8 ft relative to MLW. They are bordered by appro-
ximately 50-ft aprons and storage warehouses.

2.3.3 Commonwealth South Boston Pier No. 5

This pier is in South Boston about 4000 ft above the EDIC jetty. Both the
northern and southern sides are available for berthing. It is constructed of
concrete with solid fill and steel pile face; concrete-decked extensions run
along sides and face. This berth is frequently used by visiting Navy ships.
The alongside depths are 40 ft, with 18 ft deck heights relative to MLW. A two-
story steel-frame reinforced-concrete warehouse sits astride the pier. Apron
width is 20 ft. Both sides have alongside lengths of 1200 ft and can handle
large ships.

Xv-5




BOSTON, MA

XV-6

1 1/2 0

gt G gt G SNt e e —————————

Nautical Miles

£ 3
- 9 g'://;‘@, ' __J\': Logan International
Bz ' ;
= :
L
// \\\ ~
/~/‘j c ~. Rg/
K‘ . L,\/"/,\'\ \\
As &/é///’ plir \ {
v /“/‘/’/%\ |
// .
o c="2
N —
- /S_Reserved Channel
UL N
X PN
e
SOUTH BOSTON Pleasure
v Bay

N
N
s L /
~
rd

Figure XV-3. Boston Harbor and main berthing facilities.
Boldface lowercase letters denote general locations of:

Army Base Terminal (EDIC Jetty) Hess 0il! Co.
Coast Guard piers Amocao 0il Co.
Commonwealth Pier Texaco 0il (o,
Navy Shipyard Gibbs Co.

Moran Docks Belcher, Inc.
LNG Terminal Bethlehem Steel

-~o a0 To
LI D B N R |
—_ . - TN
[ R T T B |




—_

BOSTON, MA

2.3.4 U.S. Coast Guard Support Center

The USCG Support Center is in Boston proper about a mile above the
Commonwealth pier on the west bank of the inner harbor. There are five steel-
piled, concrete-decked piers suitable for small te medium ships. Alongside
depths range from 20 to 35 ft, with a 16-ft deck height relative to MLW. The
piers are bordered by open aprons. Alongside lengths range from 260 to 550 ft.

2.3.5 Boston National Historical Park (Boston Navy Shipyard)

The Boston National Historical Park piers are located on the north side of
the confluence of the Charles River with the inner harbor in Charlestown about

JRUDUIN A

1600 ft above the Coast Guard Center., They are steel-piled, concrete-decked
piers bordered by open aprons. Alongside lengths are less than 400 ft, which 1
fimits use of this area to frigate class or smaller ships.

2.3.6 O0Other Berthing

There are more than 100 other berths available throughout the Boston
Harbor. The majority are located above the piers normally used by Navy ships.
The main container wharf is the Morin Docks on the west bank of the Mystic
River, just beyond the area of confluence of the Chelsea and Mystic Rivers. The
LNG terminal is on the opposite bank {east side) of the Mystic River just
upstream of the container wharf., Other well constructed berths in the Mystic
River include Distrigas, Exxon, Prolerized Scrap, Amstar Sugar, Revere Sugar,
and Atlantic Cement. Several well constructed tanker wharves are loca:ed along
the north bank of the Chelsea River (Hess 0il, Amoco 0il, Gulf 031!, and Texaco).

There are also three finger piers used for receipt of petroleum products
located near the turning basin in the upper Chelsea River (Gubb Co. and Belcher,
Inc.) which are not considered suitable during high winds. Both the
Massachusetts Port Authority piers and Bethlehem Steel Corporation pier 1 are
located in East Boston near the outer portion of the inner harbor. These piers
are adjacent to the airport, across the channel from the Commonwealth pier site.
A1l of the above mentioned piers, except for the three finger piers in the upper
Chelsea River, are well constructed.

3. HEAVY WEATHER FACILITIES AND HURRICANE ANCHORAGES

3.1 HURRICANE PLANS AND PREPARATION

SOPA will direct action to be taken by ships present during heavy weather
preparations, The Commanding Officer, NAS, South Weymouth is assigned as Third
Area Weather (Coordinator by COMNAVBASEPHILINST 3140.1.
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3.2 TUG AVA'LABILITY

There are two tug companies servicing the Boston Harbor. Boston Tow Boat
Company and Boston fuel Transportation, Inc. each have si1x tugs. These 12 tugs
are adequate for normal operations, but could be hard-pressed during heavy
weather conditions.

3.3 HURRICANE BERTHING (see Figure XV-3 for locations)

A1l of the berths normally used by the Navy are considered suitable for use
during a hurricane except the tDIC jJetty berth. This berth is very exposed
with little or no protection from winds or wave action. The open spaces of the
airport to the north, and outer harbor and bay to the east and south, provide
very limited protection from the wind. The berth is totally exposed to the wave
action in the channel which opens to the east.

In general all substantially constructed berths above the Coast Guard
Center are considered suitable as hurricane berths because of the protection
from winds provided by the surrounding terrain and the protection from high seas
provided by the configuration of a river type harbor. However, finger piers and
weakly constructed wooden piers are not considered suitable berths during any
high wind situation.

In addition to the general construction of a berth, the height of the pier
i and allowable scope of lines should be considered in judging the suitability of
' a berth for use in high wind situations.

3.4 HURRICANE ANCHORAGES

There are no designated hurricane anchorages in the Boston Harbor. Among
the general anchorages, only the area west of Georges [sland (Anchorage 5)
provides protection from the easterly winds. However, the approaches are narrow
and there are numerous ledges and shoals in the area. In addition the bottom is
generally covered with boulders which provide uncertain holding. The best area
t.use for anchorage during hurricanes is well to the southeast of Boston in
Cape Cod Bay inside the hook of Cape Cod (Figure XV-1). This area is about 40 n
mi from Boston Harbor and has been used by Coast Guard and local pilots to ride
out storms. The usual problems related to vessels dragging anchor and to

congested traffic must be anticipated.
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4. TROPICAL CYCLONES AFFECTING BOSTON

New Enuland is not considered to be in the primary nurricane belt; however,

some of the most destructive hurricanes of record have occurred there. Dunn and

Bt

Miller {1964) noted eight 1ntense New England storms which occurred in 1653,
1638, 1815, 1938, 1944, 1954 (two) and 1955 that are related to tropical
cyclones. In general, tides and flooding are of greater concern than wind.

During the period of 1815 to 1938 no really extreme tropical cycliones
affected the New Englana area. The 1938 tropical cyclone, however, 1s note-
worthy for several reasons. It can be considered a typical Cape Verde storm. 4
After moving across the entire subtropical north Atlantic, it recurved about
300 n mi east of southern Flurida and accelerated northward in the southerly
flow in advance of a strong mialatitude trough. The 193& storm produced wide- ,
spread damage throughout New England. Five minute average winds of 64 kt {ana
one minute average of 76 kt) were recorded at Boston during the passage.

The atmospheric and synoptic conditions favorable for a major nurricane to
strike New England have been described by Dunn and Miller {(1964;, Such a
tropical cyclone typically develops southeast of the Antilles, gradually 4
recurves towards the vicinity of Lape Hatteras, and then accelerates very
rznidly toward New England. The conditions that will support this type of event

.«

{1) A strong east/west atmospheric steering current over the tropical/
subtropical North Atlantic.

(2) Moist tropical air that has been advected poleward over the western
Atlantic providing an extended region of atmosphere favorable for maintaining a
tropical circulation.

(3) The tropical cyclone does not make landfall unti} it reaches the
northern U.S. east coast.

(4) A well developed and intensifying large amplitude, long-wave trough is
located over the east central United States.

Under the above synoptic conditions the tropical cyclone moves at speeds
slightly above normal across the tropical Atlantic, feeding on the abundant
moist tropical air; recurves northward prior to landfall while remaining in a
moist warm environment; and then accelerates rapidly north to northwestward 1n
the southerly flow in advance of the mid.atitude large scale trough,

4.1 CLIMATOLOGY

For the purposes of this study, any tropical cyclone that approached within
180 n mi of Boston is considered a threat, It is recognized that a few tropical
cyclones that did not approach within 180 n mi may have affected Boston in some

Xv-9
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| wdy, SO to some extent this criterion is arbitrdry., Track information on

| Atlantic tropical cyclones 1s dvdtlable as far back as 1871. However, center

wind 1nformation is not availlable for storms prior to 12836, The seasonal

] distribution of tropical cyclones given 1n Figure XV-4 is based on 94 years of
datae, 1486-1979. Data for tne perirod 1871-1979 119 years) were used for all

other climatological figures.

Altnough tropi -al cyclones nave occurrea in the North Atlantic during ail
months of the year, ail tropical cyclones that have threatened Boston occurred
from June througnh November except for a single February threat in 1952 F-gure
Xv-3:. Jt the <3 tropical cyclones that threatened boston in this 94-year
pertod, 7¢ 8/%; vccurrad 1n tne monthns of August through Uciober witn tne pear
threat 1n Septemrper. The occurrence ot tropical c¢yclones of hurrirane 1ntensity

#1Nds cod et anen witnon Dsn o of Boston) nas @ marked pesk Juring August
dnl septe Lo owotn o J3 out of 30 or J7% oCcurring during those wmonths 13Ee-1G7G |
Sl oLure Ki-D Tispadys the storms as d functton of the cutipass octant from

wnlon tney approgd_ned Yoston. [t 1s evident thet the major threat from tropical

Yoooomes s ot the South oont Soutnwest.
SEogveraie of 3 teop)ogl lyciones per vear ngve passed witnin Jc0 on ont of
doston pucre g otha Hortgd DAEe-0979, Historicaliy, sligntily more than one out of

three 50 of voonave been of hurricane strength, Jne way of 1nterpreting this
TS U eepe Totne pasLsade of g onurricdane-strenath tropioedgl cyclone every tnird
jear. fowever, {ne re.urds Ju Nnot Support such 4 uniform treguency. Juring the
period ot 1333 -1Gol, tour anstance, unly one huyrricane influenced Boston
Jheptembes D90 0 wnt e an 1955 and 1954 four out of four pdssages of troupica
cyclones were uf nurrycane strength.,

Tne nature' protection offered by tne shape of the eastern coast of tne
United Htates, foom Louth of New England to Cape Hatteras, essentialiy gictates
that wost recurving storms must ellner make a landfall first soutn of Hatteras
or pass New tngland well offshore to thne southeast. The majority of storms pass
sGverwater well tou the southeast of Bosten, tending to foliow the path of the
nceanic Gulf Stream, and are of little threat to New tngland.

Jceastonaiiy, nowever, storms are daccelerdated on a more northerly track
instead of the typical recurvature to the northeast. An example would be the
d1sastrous 1933 hurricane which advanced rapidly up the east cuast offsnore,
passed Hatteras, moved over central Long lsland, and then moved over New Haven,
ronnezticut and thence north-northwest 1nto vermont. thus, 'nstead of passing
Hew tngland vffshore. the hurricane accelerated northward at an average rate of
advance ot 6u nph 52 kb | deaving Hatteras at aboul -:30 AM |7 on 2] September
and regacning Jannectsogt ot o ghout 400 PMoon the same dday. Such g rate of
advance would be frtty 1t Lo nandle tor storm preparations even with toddy's

more sophtsticated warning methods,

Xv-1u
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Figure XV-4. Seasonal distribution
of tropical cyclones passing
within 180 n mi of Boston,
February-November (based on data
frem 1886-1979). Monthly totals
shown above each column; numbers
of threats of hurricane intensity
shown by hatched areas.

Figure XV-5, Directions of
approach of tropical cyclones
that passed within 180 n mi
of Boston during the period
1871-1979, Numbers of storms
approaching from each octant
are circled; percentage
figures are percent of total
sample approaching from that
octant,
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Figure XV-6 1llustrates the very rapid approach of four sSuch exceptional
hurricanes which caused destruction in the New England region. With toaay's
advances 1n meteoroloyy, 1t 15 possible to identify those circumstances that led
to the rapid acceleration of tropical cyclones toward the north, although rarely
would a 60 mph speed of advance be forecast. Figure XV-6 shows that a nurricane
can be offshore between Jacksonville and Cape Hatteras before 1ts track beginrs
to indicate 1t is headinyg for southern New England. The time at this point,

where the departure from a normal recurvature track takes place, can be on the

order of ounly 24-3b hours from passage at Boston.

Ficures XV-7 through XV-10 are statistical summaries of threat probabili-
ties based on tropical cyclone tracks for the years 1871-1979. The data base 1is
presented seasonally with solid lines representing "percent threat" for the
10 nomr <circle surrounding Boston. The heavy solid lines represent approximate
approach times to Boston. In Figure XV-10, for example, a tropical cyclone
located near 32°N, 75°W tn September has about a 40 percent chance of passing
within i30 nmi of Boston; and if the speed remains close to the climatological
normal, 1t will reach Boston in about two days.

Un an annual basis {Figure XV-7) the primary threat axis for Boston is
along the fast voast throuygh Hatteras with the axis splitting near South
Carol na, with higher probabiiities from the Bahamas and lesser probabilities
from the Gulf of Mexico. Most threat storms pass to the southeast of Boston
Just off Cape (od.

For late andg early season storms, Uctober through June (Figure XV-8), the
major threat axis is overland passing through central Virginia from the Gulf of
Mex1¢co. The source region for most of these threat storms is the western
Caribbean and the Gulf of Mexico. During the period 1888-1979, only four off-
season (Uctober-June) storms have approached within 130 n mi of Boston while
still maintaining hurricane force (>64 kt) winds.

In June 1893, a hurricane moved from the extreme western Gulf of Mexico
northeastward across northern Florida and over the coastline to just north of
Hatteras, and continued northeastward passing 141 n mi southeast of Boston with
BO kt center winds. Boston experienced light rain and light northeasterly
winds. The other three hurricanes, two in October and one in November, formed
well northeast of the Bahamas and remained offshore until beyond Boston. The
November 1888 hurricane passed the closest of these off-season storms (93 n mi
to the east), producing a maximum one hour average wind of 53 kt and a total
precipitation amount of 4.36 inches.

During July and August (Figure XV-9) the axis is still to the southwest
sverland, but splits near South Carolina with the primary threat thence from the
Bahamnas and eastward to the Cape Verde region. The source for almost al)
July/Auygust threatening tropical cyclones is the subtropical North Atlantic.
Most threat storms from July through September recurve over water, passing
Boston to the southeast.

Xv-12
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Figure XV-6. Examples of fast-moving hurricanes that impacted New England.
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e—— PERCENTAGE OF ALL TROPICAL
CYCLONES IN QUTLINED AREA
THAT PASSED #ITHIN 180 N MI
CIRCLE CENTERED ON BOSTON

EEmmm ~FPRIXIVATE TIME REQUIRED
FOR TROPICAL CYCLONE TO
REACH BOSTCN (BASED ON
ZHTHLY CLIMATOLUGICAL
SFEEDS OF MOVEMENT)

ANNUAL

.
oum

Figure XV-7. Annual probability and CPA curves for all
tropical cyclones passing within 180 n mi of Boston,
based on data from 1871-1979,

The threat ax1s of probability shifts to just offshore by September
(Figure XV-10) with the source regilon continuing to be the subtropical North
Atlantic.

The times to CPA presented in figures XV-7 throuyh XV-10 should be used
with caution, because it is the exceptionally fast moving storm that poses the
greatest danger to Boston, not the "average" storm. For example, Figure XV-10
indicates that a September storm located near 27°N/74°W should reach Boston in
about 3 or 4 days, based on climatoloyy. However, the 21 September 1933
hurricane is believed to have traveled this distance in about 30 hours (refer to
Figure XV-6}. The tendency for acceleration of tropical cyclone movement after
moving north of 30-35°N is evident in all the charts showing times to CPA.
Comparing the distance from Boston to the 1 1/2-2 day contour to the distance
between the longer time periods indicates significantly faster movement during
the latter 1 1/2-2 days.

Typical speeds of movement for hurricanes within 180 n mi at CPA varies
from 25-30 kt for those crossing near the New England coast to 20-25 kt for
those passing offshore to the southeast.

The months of late August, September and early Uctober historically are the
greatest threat months for a direct overwater approach to Boston. This period
would coincide with the optimum time for the simultaneous occurrence of the
following factors:
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(1) Greatest tropical cyclone activity.
{2) Strong North Atlantic subtropical high pressure system.
{3) Deep atmospheric upper level trough lying over the tast (oast.

(4) The primary tropical cyclone generation area is the subtropical North
Atlantic.

Factors 1, 2 and 3, combine to modify the normal recurvature of a tropical
cyclone and instead accelerate and steer it rapidly north from Cape Hatteras

into southern New Etngland. Factor 4 causes the tropical cyclone tu be properiy
positioned for an overwater approach,

Unfortunately for New England, such storms lose little enerygyy as they
rapidly traverse the colder water between the north wall of the Gulf Stream anu
Lonyg Island, as would be expected of tropical cyclones. This may be explained I,
their adoption of extratropical characteristics at higher latitudes or by their
reduced interaction with the surface at such high speeds of advance., titner
way, the circumstances described above combine to present a serious threat ot
destruction to New Etngland.

4.2 LOCAL WEATHER CUNDITIONS DURING HURRICANE PASSAGL

The primary sources of the weather data examined in this discussion were
the hourly observations from the Weather Bureau Station. H- storical data fur
the period 1885-1958 were obtained for Blue HIIl Observatory site. Supplemental
data in various summary and cbservational form, for several sites 1rn and around
Boston, were also reviewed. Records from all sites were reviewed for those
periods when a tropical cyclone was within 360 n mi of Boston. The sites and
periods of records for houriy observations were as follows:

Boston WBAS 1936-19/9
Boston WBO 1893-1934
Boston L/S 1958-1973
Squantum 1943-1953
Salem Coast Guard 1949-1906
Race Point L/S 1958-1979
tastern Point 1964-1979
Hanscom 1943-1973
Blue Hill Observatory 1885-1958

During the 44-year period 1936-1979, 13 hurricane-force tropical cyclones

passed within 180 n mi of Boston. Table XV-1 lists various aspects of these 13
storms (plus tropical storm Diane of August 1955, which caused record rainfall
in the New England region),
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Center data and related weather assoctated with hurricane
of Boston (193€-79).

HURRICANE DATA

RELATED WEATHER

IN BOSTON AREA

Max Wind (kt)
Date SUA} DIR/CPA} CNTR] 8 Sustained ) SurgeHt Precip (ins)
(Name) f(kt)ibin mr) [(kt) Gusts (ft) 24 hr/max 6 hr Comment
9/19/736) 25 b 102 91 N 34 & 37 2.0
9/22/38] 40 W 109 91 S 63 & 76 2.5
9,2/40 21 £ 110 74 NE 29 & 30
3 15/44) 28 w 171104 NEL 52 & 63 3.9 2.59 2.37 Max gust of 85 kt
912501 17 t lob 91 No significant
s weather
IRV ISR S -
3157531 20 [ £ 124 79 w21 & 34 .93 .75 Gust over bay
Barbara 43 kt
—_— r— - -~ — e —————
9,7.53 1b E 156 9] WNW 18 & 25
carol
3,31 541 31 W bl 31 St 75 & 87 3.6 2.58 1.98
tarol
F9/ll/54 49 E 60 | 109 NW 64 & 70 3.2 5.63 3.33
tdna
8/19/554 13 40 ENE 42 & 48 |[Negative] 7.06 4.88 Heaviest 36 hr
Diane rain in history
11.94"
8/29/58] 22 E 147 {117 No significant
Daisy weather 4
9/13/60f 32 W 39 96 S 54 & 69 2.6 2.95 2.02 East of Track
Donna Boston side:
strongest winds,
gusts 65-87 kt
max gust 122 k¢t
Blue H1Tl
Observatory.
Hundreds of
small craft
destroyed. 2-4"
rain.
West of Track
Max qusts 65 kt
Heavy rain 4-6"
8/29/02] 14 | £ 104 | 74 N 29 & 44 1.69 .94
Alina
9/9/69 14 E 102 | 110 NW 25 & 32 2.19 1.58
Gerda
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The 1953 storms, Carol and tdna, offer an interesting cumparisun ot storms
passing to the east or west of Boston. (arol 1n ldate August had ¢ closest puin
of approach (CPA) of 61 n m1 to the west with a4 sSpeed of ddvance ,>Un4; of 37 kt
and center winds of 91 kt. Less than two weeks later, tdna passed 60 n 1t
the east with a SUA of 40 kt and 109 kt center winds. Minituwum Sea-ievel
pressures were 976 mb for Carol and 973 mp for Edna. While tana nad str o tyer
center winds, was movinyg faster, and produced a sligntly lower pressure reading
and while the CPA's were neariy equal, Carol produced waximum one minute
averaged winds and peak gust readings of 74 and 47 kt from the soatheast and
Edna only 064 and 76 kt from the northwest {(WBAS East Boston). T

These differences can be related to the additive factor of the “04 uf tne
right semicircle winds relative to the direction of movement. ©Un the other
hand, the rainfall for Edna (the storm passing to the east; wdas mure than Juub. v ‘
that during Carol (passing to the west). The records indicate that heavy j
rainfall and flooding occur to the west of the storm track and maximuti winds and
damage to the east of the storm track. Tidal surge heights appear 1ndependent
of direction of passage and more a function of storm strength and proximity.

Mariners should be awdre that all wind records used in this study are fromu
land stations and that a ratio of l.6:1 has been found to be a representative
ratio for estimating maximum winds over open water areas from adjacent land
reports (Hsu, 1981). Thus wind speeds of 100 kt were likely over the outer
harbor area during several of the hurricane passages.

Figure XV-11 shows the approximate tracks of the six most damaying
hurricanes that passed within 130 n mi of Boston during the period 1936-1979.

All of these storms produced widespread damage in the Boston dared. Improved
warning systems helped alleviate property damage and loss ot life in the storms
of 1954, '55 and '60. In storms of this type it is likely that any pleasure
craft or small boats that are not removed from the water or moved to known
havens will be heavily damaged or destroyed. The threat comprises the three
elements of high wind, heavy rainfall, and rising sea level. All must be given
consideration in preparing for a hurricane passage.

People of the Boston area are much more attuned to the winter Northeaster
type storms* than the hurricane threat. Some uniqgue characteristics of the
hurricane that differ from those of the Northeaster must be kept in mind:
(1) the prime threat hurricane is most likely to occur during the fair weather
salling season in September; (2) the speed of approach of these prime threat
hurricanes 1s quite rapid, 25-35 kt; (3) the wind direction 15 likely to rotate
through the entire compass with the passage of a hurricane; and (4) it 15 the
nature of man not to be concerned about events that happen 1nfrequently.

*Northeaster - An extratropical storm, most common between September and April,
which typically torms within 100 n mi of the east coast between 30-40°N anu
proyresses northeastward. Maximum intensity is reacr. : off New bngland,
bringing precipitation and northeasterly gale force winds to the covastal

v-20 regirons for a day or more.
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4.3  WAVE ACLTIUN
The inner Boston Harbor is somewhat protected by Jeer Isiandg to the nortn

and east and Long Island to the southeast. Numerous o'her smaller islands a'seo
provide some shelter from the open bay/ocean wave eneryy. However, easterly
winds and seas will cause wave related problems. Most uvf the lower inner harpo:
1s exposed to the east and vessels in this area, unless berthed at well
protected piers, will expericnce high wind waves. While the prers and wndrves
of Boston have generally been constructed to handle the novmal Y-1d ft tigal
range, some local flooding is experienced during extremwe tide consitions., n
the event of a storm passage at high astronomical tide, watertront arcdas waul
be exposed to wave action. Water levels of 1 1/2 ft over the piers have been

recorded at the Naval Shipyard.

4.4 STORM SURGE AND TIDLES

Storm surye during hurricanes s-nerally nas net been a major prodlem tor
the Boston Harbor area. The highest surge vaiue on record 1s the 3.9 ft that
occurred with the September 1944 hurricane (Harris, lvyujd.. lThe 19%1 hurricanes,

Carol and Edna, produced 3.6 and 3.2 ft surye heights. with & normal tidal
range of 9 to 10 ft, surgye heights of 2-4 ft will gener-glly not be ot great
concern. 0f course, a 4 ft surge at extreme high tide (range of about 14 ft at

Xv-21
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soston! would
from the east
surye and eds
rivers that f
1Tnereases tne
usuaily exper

reavy predipi

cause constderable tlooding; when this was LOpped Dy wind waves

, further problems would develop. A compounding adverse effect of
terly wind wdves 1s the restriction of the outflow from the various p
low 1nto and form the inner harbor. Such a restriction further

tioud probiew alunyg the lower portions of the rivers, which
ienie 1ncreased flow during a hurricane passage as a result of

tation.

5. THE DECISION TO LVADE OR REMAIN IN PORT
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nSTractrans tur disaster preparedness by Ndvy ships are found n
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presenl,  commanarng ot cer, NAL South Weymouth, 1S assigned 4s Thirg Area

weather coord
Reddiness tu

aqvatrianle in

Shift arranye
Drsterot,

wilh

Wedsures nmuLst

on CHNstderal

condirtions an

storm citmzirtolouy nistory.

indiv
edih vessel.

facsors as an

5.1 PRUCAUTIONARY ACTION RATIONALEL
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recommended procedure 1S tu steam due edst to cledr the shual waters and t-en

continue evasion as dictated by the storm, thee Section n for evdsion at sed

ratitundgle,,
Boston area,

overtaken by

Xv-27

are, remwraininyg in tne i1nnec harbor or wmoving to that portion ot lne

Bostan, 50 ships remaining in excess of 72 hours should make yguara

ents with tLommunications center, Commander, First Coast auard

Due to tne nign speed of gdvince of hurricdanes Lhdgt thredaten the

nner harpor portion of the Port of Boston is considered a hurricane

recodmmendrloactron, 1

1ritor and will communicate weather warnings and Conditions of

PN ang SR A ADMIND, A U.S. Navy communications Center 15 not

(ne dpprudacn of a hurricane, the decision to execute precautionary
be made i1n a timely manner. Precautionary action should be based

ion ot tour general factors: vessel characteristics, harbor

d avaliable berthing, most recent hurricane warning forecast, anc

Tdual vessel factors are pest determined by those responsible tor
Vessel cnaracteristics, 1n addition to seaworthiness, 1nclude suuh

Lhorage or moored location anda tuy and.or priol needs.

verthed in the upper portions of Boston harbor shouid remain in
lower tnner harbor, ships berthed 1n exposed positions or
weak bertns, should be rebertned or should leave the harbor,

erational or logisticdl circuamstances demand sortie action, the

evdasion tu the open Atlantic tnverves d4 constderanie »isen ut bheinyg

the nurri. ane.
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5.2 THREAT ASSEOSOSMEN!

Tyming ot any precautiundry medsSure 15 alwadys exlremery w11t o, LIRS
tast, northward-moving hurricanes tnat constitute the prime threat _agfh “cuse the
308ton areada to yo ftrom readiness conditign IV Lo Ccongrition o 1n ¢ maller Ut o

few hours. Note that figures XV-/ through XV-170 show that tne citmatoioyt.ou.

position for the averaye storm 45 hours from custun 1§ near tne fatitude o
southern South Carolina, while tne /Z2-hour position ~5 nedr Zentra. arica.

However, Fidgure XV-0 -- exdilples of tasSt-muoving Nurc)lioties “he’ Caasel
significant damage in the New tngland regron -- nows tne ful uwing 4pprox  mate
times to ciosest point of approaen ut Lostun tron Tne catitule of sy thnern South
Carolina:

(L di odeptember (930 - 1t hNuurs

2 15 septemder 19434 - 23 hours

3 varol 1954 - 27 nuurs

4 ponna 1462 - 24 hu s
3.3 THREAT >JURCLY

Tne sources of troprcal cyclones and “neir apprag. fies 3 rostor qgrbo»r
are vaeried. The foilowing five subparagraphs 300r=ss tne yaria.® 5 et 5 o

Sturit sguries dand gpproaches,

5.3.1 Rationaie for the Primary lhreat

SYOrWS approacning Boston fror between {NC wvaSt LudSt o dti Lo T
meridian constitute the primary threat., The late August througn _eple e

periovd 's the tyme this type 0of stovim 1S 00st Ttkely L0 2Cour. 1% the *oreoyg

i

is for the storm to accelerate on a northerly track, then due corsiceration
relative to precdautionary measures shuuld be ygiven., Snips a2t expgses or padr

constructed berths should be rebertnea.

.3.2 Rationale for Storms Appruaching from dver Land

Storms approaching from over land tandfall south of Long Istand are of
Timited threat due to their reduced intensity. These storms are not tireiy, 1o
jenerate wind or surge problems at Boston, but storms of this type which recurve
aind pass south of Boston can cdause heavy raynfall (Drane 195 tracn, fru.re
{V-11) and related flooding problems {Table XV-1).

5.3.3 Tropical North Atlantic Hurricane Near the Bahamas

Tropical cyclones approaching from this sector in cluse proxiamity to the
edast coast are Koston's greatest threat for the dangerous completely-cverwater
approach., They are also the most likely candidates for rapid acceleration
northward. {f the storm becomes one of the unusual, northward-accelerating
hurricanes that are particularly dangerous to Boston, minimal time is avarlable

for precautionary action since the time schedule wili be compressed. Hurricanes

XvV-23
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! from nedr tne Kanamas whi'on actudliy Strike tne Atlgntic coastiine of the
southern United States wouald not generally be considered o threat, since

ty tney nave weakened considerddly. An exceptilon would Le those

nistoricagl
|
i nurricaenes wnat pass over a small area of land, particularly Lape hatteras, sucn

a5 Huroicane wonna In 1Yud.

2.53.4  lropical North Atlantic Hurricanes Farther hortneast of banames

Based un records of this century, tropical cyclones north of

3

approximate.y 27°% latitude dand east of about 7U%W iongitude nNave & luw

probability of peiny & <destructive tnreat to Boston. However, for a major
nurrldane In tnits drea predicted Lo thredten Boston, precautiondary a-tions arc

aavisant 2,

5,505 aulf Ut Meoro en West

Laribbedn Hurricdnes

Traopreal Cyllares auproaching from this area are not ConsSidered g “9v.eg”
Lo SNYPpPTNg I tne putton ared. whlle tne passaye of s5.Cn Sty it L
of Boston wecurs fairly Sften, their long track over land yreetly reduies the

wind threat and nearly assures Ltneir (hanyge to an extratropi.al 3ys

-

mav cause locai flooding due 20 nedavy precipitation.

5.4 Lor UF ANTHORASES

“ne harosor deep-draft ancnorage areas are nortn of Prcsxjgpt SAESS, T
Nantasket Roads, between Georges island and Long .sland, and north of tna
channel ent-ance to tne 1nner hardor ,see chart 132/J.. 're gn;nglage anoine
west side of Georyes [sland is sheitered from easteriy winis butl has suestion-
able nolding., This area 1S used by vessels during periods of struny casier.y
winds. The anchorage north of President Roa.s has ¢ blue =wuu duttom arl fairi,
good hoiding but 15 spaze-restricted and has numerdus surrouncing snelves ang
shpals. The anchorage north of the inner harbor entrance chinnel has ¢ sutt a4y
bottom and poor holdiny qualities and 1S not an appropridte enchorage during
strong wind conditions. The best hurr-icane dnchorage \see Paray 3.4 s
40 n mi1 soutnheast of Boston Harbor in Cape Code Bay, within the nook of cape

Lod.

5.5 RETURNING TO HARBOR

After the passage of a hurricdne, entering the narbor may present
hazards. There may be wrecks in the channels, larye floating debris, and Jamage
to the piers. Alongside services may wetl be disrupted by tne filooding
associated with storm surge. There is a very high probability that channe)
markers and other navigation aids will have shiftedposition or become otherwise

unreliable.

Xv-24
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2.0 RUNNIHG FUR SHELTER

YR1PS dt sea that are seekiny shelter sphould consider several factors
relative to Bostun. Boston Harbor is considered to be a refuge from hurricane
weather. Surltable berthing 1s available. Ihe danchorages in the harbor area are
not constdered suitable during hurricane conditions because of their limited
s1ze, surroundinyg snoals, ledges and rocks, and varying holding characteristics,
darpbor facilities {tuygs and piers) are ygenerally available and harbor traffic is
not Jongested. 1nhe numerous shoals and rocks in the outer harbor region make
navigyation during heavy weather particularly dangerous, thereby necessitating

irrival prior to onset of storm conditions.

ADVICL FOR SMALL CRAFT

[N

small c¢raft snould be eiyther removed from the water to positions above
projectea flood levels or bottom wmoored in protected areas. There are no
recoimended smwall ¢raft nurricane mooring faciiities in the main narbor. During
nurricane Donna in 1960, hundreds uof small boats and pleasure craft were ripped
from tneir wmoorings and swashed against rocks or seawalls. Similar damaye was
inflicted by earlier severe storms in the areas. Small craft pberthed along the
western pank of the 1nner hdrbor below the confluence of the Mystic and Chelsea

{1vers appear particularly vulnerable to damage by hurricane passage.

6. RATIONALE FOR EVASION AT SEA

it surtie and evasion 4t sed 1S necessary, then reaching the deep watnr
neyond the continental shelf is advisable. Large areas of shoals exist within
Massdainusetts Bay s>titlwagen Bank) and over the Continental shelf area of the
open olean ueoryes Bank;. These areas produce the dual hazards of limited
draft andg snalluw wdater wave action in a totally exposed open ocean area and
snould therefore pe avolded during evasive action.

Wnen tnreatened by weaker tropical systems, such as a tropical storm, or
1f rapid development or speed of approach makes sortie hazardous, then some
loca! berthing o' anchorayes are preferred (Para. 3.4). When evasion at sea 1is
contemplated, tne 1mportance of an early decision to sortie cannot be over-
emphasized. tach threat must be Juddged on its own merits., The most likely
threat scenariocs and recommended actions are described in the following three

subparayraphs.

6.1 TROPICAL NORTH ATLANTIC HURRICANE NEAR THE BAHAMAS

Tropical cyclones approaching from this sector in close proximity to the
edst coast are Boston's yreatest threat for the dangerous completely-overwater
approach. They are also the most likely candidates for rapid acceleration

XV-25
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northward. [Ihe only sortie options frum a threatening hurricane located near
the Bahamas is elther to evade within the confines of Massdchusetts Bay or hedd
svutheast with intent to clear tu tne edst side. This action requires Ccrossing
the track (crossing the T) and requires extra caution. Heading directly east
may not yive enovugh ¢learance if the storm moves rapidly northeast. 5Since the
majority of such storms do accelerdte along a track in a northeasterly directioun
well soutn of Cape (Cod, any sortie must be initiated edrly, otherwise the vessel
can easily be over-run before 1t 15 clear.

bor a fast-moving (30+ kt) storm, the seas and most winag will not
project any appreciable distance ahead of the storm, whereas 1n the case of the
slower-moving storm, swell and wind extend for considerable distances hundreds
of miles) from the storm's center, If the sturm becoles one of the unusual,
northward-accelerating hurricanes that are particularly dangerous to Boston,
less time is available to sortie since the schedule will be compressed; however,
1t will be easier to clear to the east of the storm,

in any event, i7 a vessel intends to surtie to the open ocean, 4an early
decision must be made, preferably with the storm no closer climatologically thnan
43 hours. Hurricanes from near the Bahamas which actually strike the Atlantac
coastliine of the southern United States would not generally require a sortie
since historically they have weakened considerably. An exception would be those
hurricanes which pass over a small area of land, particularly (Cape Hatterds,

such as Hurricane Donna in 1960.

v.2 TRUOPICAL NOURTH ATLANTIC HURRICANES FARTHLR NORTHEAST ol SAHAMAS

Based on records of this century, tropical cycliones north of approxi-
mately 27°N latitude and east of about 7U°W lTongitude have a low probabiitty of
being a destructive threat to Boston. These storms do not yenerally warrant a
sortie. However, for a major hurricane in this area predicted tu thredten
Boston, evasion may be advisable. In this case the most probable direction tor
tihe storm to travel, if the warning is not correct, is nurth-northeast.
Therefore the best evasion route would be to the southwest along tne 'l.>. east
coast. This would place tne vessel in the safe semicircle 1f the forecast route
is correct, and allow the vessel to evade the stovrm that recurves to the

nortneast.

6.3 GULF OF MEXICO AND WEST CARIBBEAN HURRICANLS

Tropical cyclones approaching from this area are not considered a threat
to shipping 1n the Boston area and would not warrant evasion. While the passaye
of such storms within 180 n mi of Boston occurs fairly often, their long track
over land greatly reduces the wind threat and nearly assures their chdnge tu an
extratropical system. They may cause local flooding due to hedvy precipirtation,
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SUMMARY

Hew York Harbor 1s recommended as a hurricane haven on
the basis of the considerations discussed below.

Tropical cyclones which have caused sustained winds of
hurricane force (264 kt) in the New York Havbor area are
rare events. Normal hurricane recurvature at this latitude
and the geographic features of tnhe New York Harbor area
combine to provide protection from the more dangerous
tropical cyclones.

New York 1s a large, natural harbor with many excellent
berthing facilities and good deep-water anchorages. MNatural
topoyrdphic features and numerous man-made Structures offer
good wind protection. The bathymetry and orientation of the
harbor relative to the normal path of hurricane passaye tend
to mitigate wind/wave and ocean swell danger. Storm surge,
however, 1s d significant threat to the harbor,

Three xdditional factors also apply here:

(1) The probability 1s low that a tropical cyclone of
hurricane strength willl strike fiew York Harbor.

{2) The decision to leave New York Harbor to evade at
sea must be made very early to allow safe clearance, because
of the normal increased speed of advance and likely recurva-
ture of the storm.

(3) Excellent berthing is available,

Normal hurricane berthing 1s recommended unless the
harbor winds are forecast to be near or above hurricane
strength. Reberthing in the most protected berth available
and extraordinary preparation is then recommended, with
particular attention to possible storm surge threat.

This hurricane haven evaluation was preparcd
by A. J. Compton and J.D. Jarrell of Science
Applications, Inc. (SAI), Monterey, CA 93940

Change 1 XVi-1
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1. GEOGRAPHIC LOCATION AND TOPOGRAPHY

New York Harbor, which is located along the western shore of Lonyg .sitand,*
extends from the confluence of the Hudson and tast Rivers in the north to Luwer
New York Bay in the south, as shown in Figure XVI-1. It includes Jamaica bay Llu
the east and Sandy Hook Bay to the south. New Jersey ports of Perth Amboy, Pourt
tlizabeth, Port Newark, Bayonne and otners are accessible throuyh tributaries
which empty into New York Harbor.

The harbor complex is located between the New England lowlands and tne
Atlantic coastul plain, Elevations range from sea level to a high of over
400 ft 'n the Richmond area on Staten [slind. Lower New York Bay 15 open t9 the
Atlantic Ocean in the quadrant from the east around to the south, while Long
[sland Sound opens to the northeast. The Upper Bay opens to the south via the
Narrows to the Lower Bay.

The western end of Lonyg {sland Sound is subject to channelinyg of wina and
water from the east as is New York Harbor from the southeast. short-period
wind-wave setup, as well as storm surge, is possible inthe event of a nearoy
hurricane landfall (e.qg., Donna in 1960). The physical geography of lew York
Harbor and Lony lsland Sound allows sutficient fetc for wind-wave demaye to
occur, and both are susceptible to the buildup of water in semi-closec bays

causing abnormally high levels.

Deep ocean swell is effectively blocked from entrance into Long (siand
sound by Block Island and associated shallows, as well as by the restrictive
angle at the eastern end of Lonyg [sland. Ucean swell 1s shoaled upun shallows

at the entrance to Lower New York Harbor, giving scre protection tu the harbor

proper. Figure XVIi-2 depicts the physical ygeography »t tne arvea.
2. THE HARBOR AREA AND ITS FACILITIES (Figure XVi-1j

The New York/New Jersey Port area 15 one of the largest cummercial marine
complexes in the world., New York Harbor is a large, protected, natural harbor
located only nine miles from the Atlantic Ucean. Within the narbor corviplex
there are over 1100 facilities including over /20 prers, wharves and docks jmany
inactive), good deep-water anchorages and an extensive channel network. The
following discussion of facilities is limited to the major military and commer-
cial prers and those piers which are occasionally used by the Navy. ©Intrance to
the harbor is via a narrow man-made channel which 1s difficult to navigate
during heavy wedther. The port facilities are discussed under three second-

level subparagraphs as follows:

*Ihe western reaches of Long I1sland Sound, thouygh not a peart ot the New York
Harbor complex, will also be considered in this study.

XVi-2
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BERTHING AREAS

1. Lleonardo Piers n
2. Floyd Bennett Field
3. Military Ocean Terminal
4. U.S. Coast Guard Piers
5. Passenger Ship Terminal
6. Brooklvn - Port Authority
Marine Terminal
7. Columbia Street Marine Terminal

8. Elizabeth - Port Authority
Marine Terminal
9. Port Newark
10. Howland Hook Container Terminal
11. Former New York Naval Shipvard
12. South Street Seaport Museum
13. Fort Schuyler

NEWARK

QUEENS

NEW YORK AREA

ANCHORAGE AREAS

N A. Gravesend Bav  Anch. No. 25
RARITAN BAY €§ B. Perth Ambov Anch. No. 44
< SANDY C\(L Sandy Hook Bav Anch. No. 49 F
; Ridge . No. ,B,C
HOOK Zg D. Bav Ridge Anch. No. 21 A,B ;
BAY > E. Stapleton Anch. No. 23 A,B 24

Hudson River Anch. No. 19

NEW JERSEY

Figure XVI-1. New York Harbor, with locations of main berthing and anchorage arveds.
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roes

NEW YORK BAY

Figure XVI-2. Topography of New York Harbor area (elevations in feet).
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Para. 2.1 Lower New York Bay
Para. 2.7 Upper New York bay, Newark Bay and Lower Hudson River
Para. 2.3 East River and Western Long lsland Sound

2.1 LOWER NEW YORK BAY

2.1.1 Leonard> Piers, Naval Weapons Station [NWS), tarle, New Jersey

The Leonardo Piers, NWS at Earle, New Jersey are located on the southern
shore of Sandy Huook Bay about 6 1/2 miles fromw the entrance of Sandy Hook

Channel.,

2.1.2 Floyd Bennett tield

Floyd Bennett Field Wharf, ldcated in Jamaica Bay, 1s operated by the

National Ucean Survey, NOAA.

2.2 UPPER NEW YURK BAY, NEWARK BAY AND LUWER HUDSUN RIVER

2.2.1 Miiittary Ocean Terminal, Bayonne Annex

ine Miltitary Ucean Terminal, Bayonne, New Jersey, (figure XVI-3) 1s located
on the western side of the Upper Bay about 15 miles from the entrance to Ambrose

nannel., There are ten northside (NI through N10j, seven southside (Sl througn

57 and two east side (El, £E2) berths located around the terminal peninsula
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figure XVI-3. Military Ocean Terminal, Bayonne Annex N
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Northside berins are 5/U-033 tt long and 29-39 ft deep below mean iow wdater )
(MLW). El and t2 are 400 and 650 ft lonyg, respectively, and 45 ft in depth
below MLW. (Note: access to the terminal 18 restricted to 33 ft depth velow
MLW.) The south side berths are 23-37 ft deep below MLW and 600-£00 ft lonyg, 4
deck heitygyhts dre 13 ft abuve MLW. The southern ana egstern bertns are somewhat

exposed to i1ncoming seas throuygh the Narrows.

2.2.2 U.S. Coast uuard Piers, Governors ;sland

The {oast Guard Piers are located on the east side of Governors lslana in

Buttermilk Channel. 4
2.2.3 Passenger Ship Terminal {City of New York)
The Passenger Ship Terminal is located on the east side of the Hudson River
from 47th to 54th Streets. There are four large piers (Pier Nos. Yo, 9uU, 4YZ andg
94) which are used primarily for mooring cruise vessels. There are a total of
eight berths /775-1100 ft long constructed with timber piles and concrete decks.
Deck height is 10 ft above MLW with depth alongside 28-32 ft below MLW. Prers
are well protected from strong £-W winds. 1

2.2.4 Brooklyn - Port Authority Marine Terminal {(Figure XVI-4a)
Owned by Port Authority New York/New Jersey)

Piers 1 and 12 of this marine terminal, which are Tocateda on the east side
of Buttermilk Channel (Pier 12) and the east side oOf the Last River entrance
(P1er 1), are general cargo and contginer terminals and dare nccastonally used by
Navy ships. There are six bertns 300-1091 ft long, all with 37 fU lepth Delow
MLW. Pier l 1s timber pile, concrete deck with deck height 12 ft above MU,
Pier 12 is asphalt-surfaced solid fill with timber pile and concrete dedk
extensions - also 12 ft above MLW.

2.2.5 Lolumbiga Street Marine Terminal (firyure XVI-4n,
(Port Authority New York/New Jersey)

Columbia Street Pier is a4 semi-protected, deep-draft (3% tt below MLw™ prer
located in Gowanus Bay (east side Upper New York Bay;. lotal usabvle bertning
space 1s 1220 ft on the west side ot the pier and 1206 ft on the cast siie.

This 1s g large, asphalt-surfaced, timber-pile pler,

2.2.6 Ltlizabet
{Port A

thority liew York/New Jersey)

abeth - Port Authority Marine lermingl
u

Port tlizabeth 1s o major commercial terminal for container and general
cargo located on Newark Bay with access from Upper New York bay vi> K11l Van
¥uil. Ihe prer, which 15 operated by several private compantes, is constructed
nf concrete retaining wall and soiid fill with asphall surface on congrete

relieving platform. There 15 extensive berthing arca avdailable with 29 berths

A

{even numbered 50 through 953 and near 16,000 ft of usable terthing space, The

deck hetght 15 12 ft above MLW and deptn alongside are 34-42 ft below MUW.

XVIi-6
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RibDod CHaNYH L

wle Ak g
y
?
.
<
]
3
.
¢

e
.

-
L—_l
N
- |

X

eetyies
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2.2.7 Port Newark (owned by {1ty ot Newark)

© o ——

This terminal 1s similar to Port tlizabeth 1n construction and function and
15 located adjacent to tlizabeth in Newark Bay. A majJor mdrine termingl, Port
Newark has 4 total of 37 berths with nearly 23,000 ft of berthing space. DUeck
nevgnt is 11 tt above MLW and depth alongside is 35 ft below MLW., Access to

Ports £lizabeth and Newark via Kill van Kull requires passayge under Bayonne

Bridge with g mintmunm c¢ledarance of 151 ft. 1
2.2.¢ dowland Hook vontainer Terminal (City of New York)
mowland Houk 15 Tocated on the northwest side of Staten [slana gt the %

southern end of Newark Bay on the northern terminus of Arthur Kill.

i

2.3 tAST RIVER AND WESTERN LUNu [SLAND SUUND

2.3.1 ‘tormer New York Ndaval Shipyard, Brooklyn

’

The former New York Naval Shipyard is locatea 1.7 miles northeast of tre
Battery on the Brooklyn side of the tast River in Wallabout Basin. There are
tnree plers: G, J, and K. These piers are owned by the L1ty of “ew York ana
operdated by Seatrain Shipbuildirg and Coastal Drydock and Repair <orporation as
mooring piers for outfitting and repair. lhere are a total of lU bertns ohu-
399 ft long, with 10 ft deck height and 25-40 ft depth alongside dt MLw. Tne
cnannel 1s dredgea to 40 ft up to the shipyard, but the current 1n the tast

River is strong and congestion is heavy; caution snould be exercised in

navigating this river, access Lo the prers regulres pdssege under tne Manhattan
Bridge (suspension open with a clearance of 134 ft' and¢ the Broonlyn Lridue i

ysuspension span with a clearance of 127 ft). |

2.3.2 South Street Seaport Museum  Uwned by Uity of New York:

Tne Seaport Museum is lTocated on the west side of tne Last Xiver abhoutl Jone i

mile nortneast of the Battery. '

2.5.3 Fort Schuyler (U.S. Government owned)

Fort Schuyler is located on the outer end of Throgs Neck Peninsula at the

extreme western end of Lony Island Sound. There are two wharves here.

2.4 NEW YORK HARBOR MISCLLLANEOUS AND SMALL CRAFT FACILITIES

Within g 25 mrle radius of the Statue of Liberty therve are more than
miles of waterfront including nuiwerous bdys and 1nterionnecting waterways,
Jamaica Bay | vid Rockeway Inlet) 1s a largdge bay ¢ x 3.v miles used extena: e,

by pledsure craft.  Sneepsnead Bay, nortn of Rockawdy iniet, 15 well protect o

and used by numerous pledsure ond tistning crafte areat sl bgrnor oo wn " {
biyht on the south side of Staten [sland, 15 an encl oo anchiorage osed by e ol
craft,

XVIi-8
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bastinester Bay in western Long [sland Lound 15 used Ly fuifierauss Saal |
craft, bul cautton must be used as the snores are fringel w! K Dousiders cne
there are hany snuals. Manhassel Hay .western Long [sland Soundg, ofters
excellent shelter for vessels witn 12 ft or Tess draft. Jyster Biy on the noecr
snare of Long Istand provides yood enchorage fur small craft,

There are numerous other small Days and inlets whizn coula offer prote nes
anchorages for small craft, Small, enclosea days wahion uffer prutecty on ey
both wind and sea as well as goodg holiing for anchors shnusid be onstieren 500,

after checking witn xnowiedgeable lucal sedfien,

2.5 CHANNELS

Tne principa’ entranie into ew York Harbor 15 v1a ANDrosSe Lhanne. 107
Lower Bay and then througn ancnuraege (hannel dn extension >f Amdrase  t2 tn.
Upper bBdy. =udsan #lver _Ndhinei 2ontinues northwari froo tne Sattercy “or oo .-
five miles to wes® - «mn 7
15 fu.

ceet, Mannattan., Proiect dentr for tnese cnanrels

ihe Lower Hay wmay a1so be entered through Sandy Hook Zhanne', whioh “esls
to berths in the western and soutnern portions of tne Lower Bay. Sandy =03
_nannel nas a project depth of 3o fr, Tersinal “hannel, with prulecs Zeptr
35 ft, Teads from Sandy ook Tertinus to Ledngrag Piers.,  Chapel #ill - marve
leadas from Sanay Hook Terminus bere to Anbrose off gney Jsiand 39 & pro’e s
deptn of 3 ft.

beay Ridge, Red Hoouk andg Duttermile Shannels 10 the “pper Sayv, swirt oo
western shores of Long Island from Bay Ridge to - ast A1lver at Jontrolisn: e
of 32 to 40 ft, Mew York and New Jersey (hannels Tead, vid niil Var -, 1, -~
Newark Bay, thence via Arthur Kill daround “t2ten Island ¢t g projlect depin ¢
35 ft.

Lonyg island Sound Appruach to Throgs Neck, tnen tast =1, er to pper fay,

nas a minimum depth of 3% ft,.

2.6 REFERENCES AND CHART,

The following publications and charts provide detarled inforialiur an ‘ow

York Harbor dand 1ts facilities:

UMA Hydroygraphto,/ Topoyraphic venter, 13/79: Fublacation A0, inapter o
Fleet Guide New York.

os. Department of Lommerce, ()79 oS tuten codst Palot U0 Atiant RN
ape Cod to Sandy ook

Jnrted tates sovernment Prantang dftyce Washingtion, g orps of cngines
LA, Port certes o, v - Tne Curt of New Yordk o, Ly ,oanc Nl
duhe Department of Jommerce, chart Moo, 123507 Jhew ok ddarboro o TC50d 0 ew v

Harbor - lpper Bay and Ndrrows), 12535 cdudson and - dst Fiyvers 107 Lo

vbast River - Tallwan Dsiand to jueernsooro driddge o 030 oong o
sound - western Partt . 12330 (Hudson River-Days Do L0 neorge owae sdionge o
Eridge), 12350 +Jdamiica Hay and Rockaway Inlet i,
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3. HEAVY WEATHER CONSIDL
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' o I oy harhnr oares Ty owne ot tne wuriots Taryest
' v t ' g Lot and Loy o services are considered Suie 2f tne Dest
Pt A, Tun wvel gD IYUY iy wrietienl wlth Severel laryge Contierclar t1oag
R . Potone o obuloCun Pt g tar i, Naval o snips entering liew 10Tk
K . DT T e e tel Toe sl darge Snips.  Handy Mooe P1iots widl
' T oot LU lanty, wnlie el s site Priots renbers of oot
. : B PaTh O W i st s TangLnd s vutbound Terouyn Lot
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et e LS T e red T L d 0t e il NArLer except 1N The rare vt o0
BCCECNPR UL BN " ars g o arect candfail from tne apen ocean nesrby.  beo -
' S . Swalet ulohuranes ald Tre o gvatlebiidoy ot omany eaceliwnt nerinnag
. . L AR G CEses wre protellted Dy oLath naturer yeodlogical
T o PN STULLlhran Tualares -- dilctate thdil the satety of 5m3psS
~ st T sl tel ew 1O . pler Dertns tnan gt Sea VY oal Loy
A’ '—' ' . Y.
5 ' Pt e Ury space Invelves sucn o variedies as a.cessibliilly,
DL helt s attor et Lertninyg S1zZze and alongside da2gpth as weil gs contentiogn tor

Siroe ow Ut SUNner g yeSselg, witn nundreds of Giers, whnarves &nd docks n the

w1 LA Syew Jerhey pourtoo

ompiles, wvvoiudaticn of suitable perths has necesseriiy

Ceor e e e Lt oy il 1tdary plers, to Lhe mejor Cosimerdlal piers, and

LG pIETS o owWniCn are o

. s ] .
sher o iavdl o pdse

Grapdre ires s planning and

cUtnoong plecs ans anchgrades 15 given in Para. 5.3, "Hemaining in Port.

S

ccastonglly used by the Navy. &~ detailed evaludtiun

PR T
Phiiadelphig, 15 the areg courdinator tor disester

n

operatrons.  WAVSTA NY Instruction 3140.1 15 the

Leste Lt e oweetner Plan whiin will be executed by Naval Station New York, in

Pre wgent ot btorecast or e
T O U B Y 0 S I T R I
S5 oin tne New Yore iarh
pononatitication by
candrtrang gre Delng set
Vo the appropriats weat
totivities witnin the few

ey wWeaths Gulidence tor
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yisting heavy weather in New York Her~bor., NAVSTA
Wyosets torth the rules and regulations for visiting
nroared.

Commander, Naval “Base Philadelphia, that storm

the Commanding fficer, Naval Station New York, wil!
ner coundition messages to all naval commandgs dand
Yark Harbor ared. NAVSTA NI NsST R4590.00 provades

ships within New Yore Harbor dared.
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4. TROPICAL CYCLONES AFFECTING NEW YORK HARBOR f

4.1 CLIMATOLOGY

A tropical cyclone threat 1s defined as any tropical wyclone approaching
within 180 n mi of the New York Harbor complex. Some Storims passing outside
this radius, however, may stili have considerable effect upun tne narbor,
Information on Atlantic tropical cyclones which passed near “ew Yory Harbo ™ 15
availlable back to the year ls/7}i.

The data used to generate apprvach direction, strike probabhtlitiles andg tire
to closest point of approach {(CPA)}, which dre shown 'n rrgures Xyl-H tnrgugh

XVI-10 were extracted from the 109-year period [3/.-1479. A shurter peripd of

94 years, 1886-1979, was used to construct the seasonal infurmatyon de.i te? 'n
Figure XVi-5 {(storm center wind information wds net avadiab.e un'yl -an
Historically, tropical cyclones can occur in *he North Atiantio n :sn,

month of the year. With the exception of a tropreal Cyciune 1n e einler [ 42¢
and one in February 1952, however, all recorded threats to New Yirk —arior
occurred from June through November.

Figure XVI-5 1s a monthly summary of tropical cyclone thnredat 2. Curver (e
for the harbor area. An average of 0.82 tropical cyclones per year, or g¢bou® 4
in each 5 years, pass within 130 n mi of New York Harbor., ‘furty percent ot
these (.33 per year, or 1 every 3 yedrs, were at hurricane strength whiiv w thiq
the 130 n mi radius.

For the 179-yedar period 1471-1979, a total of &3 trepicar cyclones have
threatened New York Harbor.* Peak months of threat are August und septerbe.
with b5 percent (57 of 53) of all tropical cyclones and =« percent 25 ot 5. of
all hurricane (winds »63 kt) threats occurring 'n those twdo montns.

Figure XVi-6 shows the directions by compass octant trom which tropioal
cyclones approach the New York Harbor area. The most freguent threat 15 frow
tropical cyclones that approdch from the suutn and southwest. The normal patn
for a traopical cyclone, once it has reached the latitude of New Yorx harbor, 1s
one of recurvature toward the northeast. This, when combined with the !lani
shape of the eastern seaboard of the United States, dictates that most stoarms
either make landfall well to the south of New York Harbor -- thus lusing
intensity prior to threatening New York -- or pass clear offshore to the east.

Un rare occasions, however, unusual weather patterns can force tropical
cyclones to adopt a northerly or northwesterly path, which may ltead them to make
a direct landfall from the open ocean near New York. The disastrous New tngland
hurricane of September 193¢ 15 a notorious cxample, and Hurricane Carol of 1954

closely approached this situation, Ihese 1ntense storms passed to the east of
g
Total threats to New York Harbor actually were 89:  One looping storm 1n 1901,
Ester, posed two threats -- the first on September 21 and the second on
September 25,

XVIi-1]
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Directions of
approach of tropical cyclones
that passed within 180 n mi
of New York Harbor during the
period 1871-1979. Numbers of
storms approaching from each
octant are circled; percent
figures are percentages of
total sample approaching

from that octant,

XVIi~12

Figure XVI-5, Seasonal distribution of

tropical cyclones passing within

180 h mi of New York Harbor, June-
November (based on data from the
period 1886-1979). Monthly totals
shown above each column; numbers of
threats of hurricane intensity are
shown by hatched areas. (This figure
does not depict two non-seasonal
tropical cyclones of December 1925
and February 1952.)
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New York Harbor, however, and thus the harbor was on the safe semicircle (less
dangerous side) of the storm.

Perhaps the most destructive hurricane on record to affect New York Harbor
was the September 1821 storm. Reliable meteorological records are not avail-
able, but it is thought that it made its first landfall well to the south of New
York. Etyewitness 2ccounts and press reports indicate the storm center passed
across extreme western Long [sland with landfall near Jamaica Bay.

The September 1938 hurricane was most destructive to the south shore of
Long Island. Winds to 54 kt with gust to 70 kt were recorded at Central Park.
Storm surge raised water levels 3.4 ft above predicted tides at the Battery and
7.3 ft above predicted tides at Willets Point,

Figures XVI-7 through XVI-10 are statistical summaries of threat probabili-
ties based on tropical cyclone tracks for the years 1371-1979.* The shapes of
the threat probability envelopes in the annual summary of Figure XVI-7 point out

the path of those storms that most frequently threaten the New YOork Harbor area.
This path extends from the generating area in the main basin of the tropical
Atlantic north of the Greater Antilles, along the East {oast through the (ape
Hatteras area, and then parallel to the upper New England coast between Cape
Hatteras and Cape Cod. Within the 180 n mi radius of New Yors Harbor, the
majority of storms remain at sea and pass south-southeast of the harbor,

AGNE CFALL TROFTUAL
IN THE CUTLINED

FLR.
Cydid

- Annual

AREA THAT PASSLL wilwiN A
Pse NOMDOCTROLE CENTERED ON
NEW Y(RK

N /i PRCXIMATE TIME PEQUIFETD

FUR THE TROFPICAL (YJULONE
TO REACH NEW Yo PR (RASED
CROMONTH Y O IMATOLNA A
SEELDe U omoypaENT)

Figure XVI-7. Annual probability and CPA curves for all tropical
cyclones passing within 180 n mi (shaded circle) of New York
Harbor, based on data from 1871-1979,

XVIi-13

*Track information obtained from National
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Figures XVI-8 through XVI-10 indicate some seasonal variations in principal
threat directions. (Light lines show percent threat to the area encompassed by
the 130 n mi circle centered at New York Harbor. Heavy lines show approximate
time to CPA.)

Speed of movement can vary widely from storm to storm. For example, the
September 1938 hurricane cut the “"average" predicted climatological time in half
as it moved from a position due east of southern Florida to the New York area in

less than 30 hours. Rapid movement such as occurred with this storm not only
decreases warning and preparation time, but increases the chances of the storm's
being more intense upon arrival as the forward movement adds to the speed of the
winds in the dangerous right semicircie of the storm.

The months of July and August are the start of the major hurricane season.
Twenty-six of the 88 storms (about one-third) occurred during these two months.
The primary threat path is that described by Figure XVI-7, but a secondary
threat exists from the Gulf of Mexico area with approach from the southwest
overland through South Carolina and Virginia (Figure XVI-8). The source region
for most of these secondary threat storms is the western Caribbean.

September has been known historically as the month of hurricanes (figure
XV1-9). Close to 40% (34 out of 88) of the tropical storms to affect the harbor
occurred in this month. Tropical cyclone paths to New York during September
contrast with July and August paths, in that they more closely follow the Gulf
Stream and fewer make landfall along the East Coast. The great majority of the
September storms (29 out of 34) remained at sea well to the southeast of New
York. Four of these, however, crossed over the eastern portion of Long Island
and one, the 1821 storm, passed just east of the harbor. They were some of the
most destructive storms on record at New York Harbor.

The period October through June (Figure XVI-10) covers nine months and only
about one-third of the tropical cyclones that affected New York Harbor. The
majority of the paths have been from the Gulf of Mexico through the panhandle of
Florida, then overliand paralleling the Eastern Seaboard. Ffor the period 1886-
1979, only four off-season tropical cyclones reached New York while still
maintaining hurricane intensity at CPA during these months (3 in October, 1 in
November).

For all months of the 94-year period, 1886-1979, 31 tropical cyclones were
at hurricane strength (>64 kt) while within the 180 nmi radius of New York
Harbor. Of these 31 hurricanes, 25 passed to the east, 3 went to the west, and
3 passed basically to the south of the harbor. Speeds of approach for typical
tropical cyclones vary from 10-15 kt while in the tropics, but up to 25-30 kt
near the New England Coast.

XVIi-14
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4.2 WINDS AND TUPOGRAPHICAL EFFECTS

Wind records for the New York Harbor area date back to 1369 when wind and
temperature recordings were made in Central Park; accurate hurricane wind datd
from this site first became available from 1493. Wind records for this study
were collected from five sites including Central Park. The sites were selected
to provide both exposed and relatively sheltered locations and to ensure a
continuous record of data over the years of interest. Some sites had broken
periods of recorded data. Locations {Figure XVI-1la) and years of coverage

were:
{1) Central Park, NY 1893-1979
{(2) Sandy Hook, NJ 1914-1945, 1966-1979
(3) Floyd Bennett Field, NY 1941-1970
(4) La Guardia Field, NY 1939-1979
(5) Newark, NJ 1931-1979

Examination of the records from these sites revealed that only one storm
produced sustained hurricane force winds (>64 kt) in the New York Harbor area
from 1893 to 1979. The 14 September 1944 hurricane produced sustained winds
that were recorded at 64 kt in Central Park and 70 kt at La Guardia Field. The
more exposed site at Sandy Hook, NJ, recorded near hurricane velocity at 63 kt.

Other hurricanes that caused considerable damage in the harbor area were
the storms of 3 September 1821, 21 September 1938, 30 August 1954 (Carol) and 12
September 1960 (Donna). Figure XVI-1la illustrates the paths of these Storms
through the New York Harbor area and shows the locations of the recording sites.
Table XVI-1 is a comparison of the recorded wind strengths at these sites for
the four major storms of the period 1893-1979.

Table XVI-1. Recorded wind strengths at New York for the four most
destructive hurricanes on record (1893-1979).

Winds (Sustained/Gusts, in kt)
Storm Max Floyd

CPA* Wind at Central Sandy Bennett La Guardia Newark

Storm (n mi) CPA (kt) Park Hook Field Field N.J.

21 Sep 1938 110 35 54/61 43/49 - - 42/-
14 Sep 1944 60 75 64/70 63/78 50/- 70,93 45/ 74
30 Aug 1954 60 85 40/42 - 35/45 45760 37,48
12 Sep 1960 60 90 49/53 - 34/55 55734 38750

*CPA - Closest Point of Approach of storm center to 40./JN lTatitude,
74.0W longitude,

Figure XVI-11b depicts the track segments of tropical cyclones that
occurred during the period 1945-79 and resulted in strong winds (>2? kt) at ia
Guardia Field, NY. The dotted segments of the tracks depict center

Xvi-18
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Y m,_,Ji;>,_ — strong winds

Jf,f (» 22 kt)
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g S : esesss  gule toree winds
. (» 31 kt)

Figure XVI-11b. Positions of tropical cyclone centers when strong winds
and gale force winds (see figure legend) occurred at La Guardia Field, NY,

{1945-79).

oo

positions where the storm caused gale force winds at La Guardia fField. The
majority of these tropical cyclones were moving on a track from SSW to NNE
through the area. Gale force winds occurred mainly while the tropical cyclones
were southeast or southwest of the harbor. Gale force winds occurred with
centers as far as 240 n mi away.
Topographical features will dictate to a great extent the amount of wind
protection at any one particular site in the New York Harbor area. Wind
protection is also offered by the mdassive buildings that surround much of the
New York Harbor area. The combined effect significantly reduces the forces of
strong winds at piers or anchorages in close proximity to these features.
The Lower Bay is generally not protected from strong winds due to
surrounding flat terrain to the west and south and open water to the east.
Staten Island and western Long Island offer some protection to the north., Sandy
Hook Bay is exposed from all quadrants. Raritan Bay, in the extreme western
reaches near Perth Amboy, is somewhat protected from north-south winds but
exposed to east-west winds.
Upper Bay, though somewhat protected, has enough fetch for considerable
damage from wave action in strong winds, especially from a wind set from a ‘
northwest direction that sweeps across the flat areas of Newark Airport and i
Bayonne Peninsula. This wos demonstrated by the 21 September 1938 storm, where

XVI1-20
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strong winds from the northwest battered piers, bulkheads and berthed craft
(primarily barges) along the eastern side of the harbor at the Brooklyn Bay
Ridge section.

Some caution should be used when assessing the value of particular berths
or anchorages during a hurricane threat. Some may offer good protection from
strong wind/wave action from a particular direction. However, the tight,
cyclonic circulation and storm movement typical of tropical cyclones ~an cause a
sharp change in wind direction and can change a protected position into an
exposed position. The predominant direction of the strongest winds associated
with past major storms moving through the harbor area has been from the west
through north quadrant.

The lower Hudson River is well protected by the higher terrain and
structures to the east, and the New Jersey Palisades to the west. There 15 a
narrow window of exposure to north-south winds. The western reaches of Long
Island Sound are generally not well protected from high winds except 1n some
areas of semi-enclosed bays such as Manhasset and Oyster Bays.

4.3 WAVE ACTION

Lower Bay is subject to wave action due to an open quadrant, east through
south, to the Atlantic. The size and depth of the bay also provide sufficient
fetch for a strong wind to generate destructive waves. 0Oeep ocean swell
approaching from the open quadrant would be reduced by shoals at the entrance to
Lower Bay between Sandy Hook and Rockaway Point.

Upper Bay, Newark Bay, lower Hudson River and tast River are subject to
limited wave action due to the small generating area affordec to the wind.
However, strong winds have generated enough combined wind/wave acticon to cause
considerable damage in the Upper Bay (Para. 4.2).

Long Island Sound is a deep water sound with generous fetch in an east-west
direction (>100 n mi). North/south fetch is limitea to about 20 n mi at the
widest point. Either is sufficient to permit substantial damage from waves 1n
strong winds.

4.4 STORM SURGE AND TIDES

Storm surge and astronomical tidal conditions can combine to greatly
increase the danger and damage associated with a major storm. Storm surge (an
abnormal rise cf water generated by a hurricane), when combined with a normal
local high tide, can inundate coastal areas. This combination also provides a
high water level upon which wind waves may ride to cause severe destruction to
those areas not normally subjected to wave action. Combined storm surge and
tide have produced high water levels of over 10 ft above MLW in the New York

Xvi-21
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Harbor area during major hurricanes and levels greater than 15 ft dabpove MLw 1N

western Long lsland Sound. Figure XVI-12 shows recorded hurricane-inducec

nigh water marks at several sites in the New York Harbor ared and western Luny

Island Sound for two major hurricanes that made landfall in the area at or near
astronomical high tide. ?

Those recorded hurricanes that caused major damage 1n the New York rfarior

area passed east of the harbor (refer to Fiqgure XVI-lla] and denerated
substantial storm surge. The most significant differences among the inuncations
associated with these storms were the timing of their arrivals in relation to
the local astronomical tides. The storms of 1821 and 1944 arrived at or near
low tide, and the storms of 1938, 1954 and 1960 arrived at or near high tide.

g 5. THE DECISION TO EVADE OR REMAIN IN PORT

Instructions to Navy ships for dealing with destructive weatner 1n the ‘iew
York Harbor area are found 1n the SUPA Manual (HAVSTA NYINST 5450, fur fvew

York. This document describes hurricane readiness conditions ana the
appropridate actions to be taken. The Department of the Navy Consicers ‘vew Y. rk
a protected harbor except in the most severe weather. Ship safety 1s consiceres
to be more assured at suitably protected New York Harbor perths than at ses

1

at Lonyg 1sland Sound anchorages.

it ¥s further recommended that ships moored at their normal berths a‘ter

Hurricane Condition Two (hurricane force winds within 24 hours) has deen set,
should consider making thorough preparations for securing at these bertns ratner
than risk being caught in strong winds during close-quarters ﬁaneuvering for
alternative berths.

The decision to evade at sea or remain in port must be baser on several
factors:

(1) txpected Weather Conditions

- Forecast track of the hurricane relative to the port
- Size and strength of the storm

- Speed of approach

- Forecast storm surge, tides and sea states

(2) Harbor Characteristics
- Topoyraphy of the surrounding terrain as to providing
wind/wave shelter
- Quality and locations of moorings and piers
- Anchorage holding qualities
- (Currents and maneuvering room

XV1-22 - Harbor congestion
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Figure XVI-12. High water marks recorded in the New York Harber area.
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5 sntp's (haracteristics

- speed, seawortniness and ability tu maneuver

in heavy seas

- shap's relative ability to withstand adverse weather at
in_hor, mocred or docked alongside

- cyeragli condition of ship and crew
' Wora T Lo NALL
1 eyade ot sea 1n the event of a threatened hurricane strike
' .., rtet ny sume of tne considerations discussed in this subsectiun,
T SRR ' sies, however, that (1) New York Harbor provides a semi-
e, msent with excellent berthing facilities, and (2) that all
(TR v ierel, snip safety is more assured in protected berthing within tnhe
.. Japta'n nust make a decision to evade at sea or remain in New York
s ;e oin time (36~48 hours prior to destructive force winds,; when
; » srurebiiity that the hurricane will actually strike the harbor.
’ . )t rur o tor storms approaching the New York area at Hurricane
' ' 1o noyur forecast) is greater than 300 n m1 _es shown 1n Figure
- co e el Guiddance section of this Handbookj;. 1t should also be noted
' ’ “vw Tk arvd eaperiences one of the lowest frequencies of hurricane
e Lreen o 3f any area along tne Gulf and Atlantic coasts. Further, the
comenc oty 9t Lo _esstul evasion at sea is decreased by the high speed of
Sladr e ot g onagjor starm and the uncertainty of its patn at recurvature
*ituivs. .1 of tnese meteorological factors support a decision to remain in
nirnogs
in tne other hand, there 1S no record that the New York Harbor area ever
nas faced the "worst case” in which a major hurricane makes direct lanafall just
©5 the west of tne port. Second, there are few berths with all-round protection
from wind and wave dction. Third, New York Harbor is large and congested, and

the danger of damage from ships or barges adrift or major debris afloat must be

considered. These three considerations warrant further discussion.
The hurricanes that severely damaged the harbor area were discusscd
(1) Ald

placing the harbor area on the

n
Section 4.2. Two facts are noteworthy:
of the harbor,

storm;

0f these storms passed to the
east less destructive side of the
and (2) Maximum sustained winds in the harbor area were at hurricane
strength for only one of the storms on record.

A storm with a speed of advance of 30 kt, which is not unusual for thas
easily have winds 50-60 kt higher in the should
Figure XVI-11,
take a path slightly more northwesterly -- which wou d place the New York Harbor

fatitude, can right semicircle.

a hurricane with characteristics similar to those depicted 1in

ared in its strong semicircle -- a disaster of major proportions would be guite

possitle.
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The surrounding topography and masstve burldings do offer protection 1n
many dareds.  Secause of & hurricane's physical makeup and unpredictability,
nowever, major shifts in wind direction can occur during storm passaye. n
yrder to assure good protection, a barrier would have to provide g full 26y
degrees of coverage. Any toupographic feature Can serve as a barrier to
Wind wdaves at a ylven time, but tt could also funnel eneryy 1f the wind snifts
) a4 new ciadrent., Ihis could be a1sastrous to a ship at enchour, especiagliy 1o
one with marginal holding or swing room,

“ew YOork Harvor is amixture of older berthing sreas many of Lhem unuseld;
ang modern new container, petroleum, Steamship and general terin'na.s. wfiile
providing excellent berthing in many areas, ‘ew York Harbor elsu couls procuce
major dedris during a severe storm that broke up older areas st neglectsd
waterfront. The size and complexity of the harbor area alsc 1ncreases tne
potenttval for ships or barges to break their moorings and beldte putertla,

dgangers to other vessels.

5.2 EVASTON CONSIDERATIONS

If 1t 1s decided to evade at sea, consider the foliowiny: 1, reiessary
safe transit time to open ocean, (2} present position >f storm, 3. <turn speec
of approach, and {(4) most likely storm path.

hiven the evasion decision, it 1s very 1tmportant to as5sess the threat
correctly and take quick action. Figures XVIi-7 through Xvi-.J Snow averdye

travel time for storms to reach the New York Harbor area. The 2. Septemper (93~
storm, however, moved from a position east of Florida {2/°N, 73%w. to the haruvor
area in 30 hours versus the 3-4 days average travel time.

Each threat must be judged on its individual merits, but historically there
are two threat locations for storms that ultimately pass within 130 n mi of “ew
York. During the 3-4 days prior to passage, the threat storms are typicaliy
located (1) east of Florida and north of the Caadamas, or (2) 1n the Gulf of

Mexico.
(1) East of Florida/North of Bahamas

The nurricanes that approach from this area and follow the general
contour of the East Coast pose the greatest threat to the New Ycrk Harbor area.
A storm east of 75°W at 30°N will pose less threat probability than one to the
west of 75°W, because normal recurvature will further reduce its chances of
hitting the New York Harbor area as it moves north.

There are meteorological indicators that forewarn of a bad storm in the New
York/New England area: a strong recurving hurricane near the tast “oast; 4 high
pressure area or ridge in the western North Atlantic hlocking recurvature. and

an advancing trough of low pressure in the eastern U.S. lhese special synoptic
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tedtures promote rapid acceleration into the New England area with li1ttle
weakening of the storm,

Sorties should be to tong Island Sound or on a southeast heading to clear
ty tne southedst side of the projected track of the hurricane. The sortie also
Mus*™ De I1Nltlated eariy, becduse the majority of the storms oft the New tngland
Loast accelerate atong a track in a4 northeasterly direction well south of (ape

Lod.
20 Gult of Mexico
Hurricanes that approach to within 130 nmi of the New York Harbor

area from this region yenerally weaken during theilr overland passage and are not

considered a major threat tu the hdrbor.

5.3 REMAINING [N PORT

A11 snips are advised to remgain 1n New York Harbor 1n the event of a
forecast hurricane ~strike, ayssuming thot adequately protected berthing 1s
ava labie. ©f the predicted tnredt is an average hurricane of moderate
strenygth, then the recommendation 1s to utiltize normal berths with normal
Nurricane precdu’rans as cutlined 1n NAVSTANY Destructive Weather Plan (NAVSTANY

INST 31du. i,

“t o the Lt2rm o1s forecast as dangerous, with center winds well above
hurrt _ane strenygth -- or if the previously mentioned "meteoroiogical indicators
tnat forewarn of a bad storm ..." exist as synoptic features -- then the recom-

mendation 15 ty -~eperth if necessary at the most protected berth available and
to take extraordinary precautions in securing. Pier height will be a primary
consideration due to ltoss of protection at lower piers {(i.e., <10 ft above MLW;
with the rise ot water caused by possible accompanying storm surge. Evaluation
of berthing areas should also consider wind/wave protection, area congestion,

and pier strenygth.

5.5.1 wueneral Assessment of Berthing Facilities

(1) Lower New York Bay (including Sandy Hook and Raritan Bay), in general,
does not afford adequate protection for berthing during a hurricane. With

more than 10 miles of open water in a N-S fetch and 12 miles £E-W, piers and
berthed cratt open to the bay could sustain substantial wind/wave damage in a
major storm, ¥Floyd Bennett Field Wharf, even though in an enc'osed bay, is

exposed to hiygh winds from all guadrants due to surrounding low terrain.

(27 Upper New York Bay, Newark Bay and the luwer Hudson River provide
dreas which, depending upon locatyon, ofter partly protected anchorages and
berthing. Due tu the small number ot 1,5, Ndvy ships that are in the New York
Harbor drea at any one yme and the farge number of berths gvariable, adequate

berthing avairldabiiity 15 not constdered g problem,
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The Military Ocean Terminal's (Bayonne, NJ) northside berths are
considered adequate except for the most severe storms. The south and east side
berths are more exposed. The Coast Guard piers on the east side of Governors
Island are protected except for southwest wind/wave fetch. The Passenger Ship
Terminal berths on the east side of the Hudson River are well protected except
for direct north-south winds. Piers 1 through 12 of the Brooklyn-Port Authority
Marine Terminal are all considered adequate except for the most severe
conditions.

Columbia Street Marine Terminal affords good protection in Gowanus Bay.
Elizabeth and Port Newark are good storm berthing areas, but are somewhat
exposed to strong east/west winds with Newark Airport to the west and the Newark
Bay to the east. Howland Hook is protected by Staten Island to the east and
Elizabeth to the west. (Access to these last three berths in Newark Bay is more
difficult.)

(3) The East River and western Long Island Sound offer fewer adequate
berths. The former New York Naval Shipyard offers excellent protection in
Wallabout Basin on the East River. South Side Seaport Museum piers are somewhat
protected, but are not recommended due to the presence of permanently moored
vessels. Fort Schuyler, located on Throgs Neck, is not recommended during
severe storms because of possible high surge (5.5 ft over current dock heights
during the September 21, 1938 hurricane) and iack of protection from high winds.

Specific berths are evaluated in the following subparagraphs 5.3.2-.74:

5.3.2 Leonardo Piers, Naval Weapons Station, Earle, New Jersey

The Leonardo Piers are not recommended due to their exposed position.

5.3.3 Floyd Bennett Field Wharf

Floyd Bennett Field Wharf is not recommended due to the exposed position of
the pier and the difficulty of access. Coast Pilot 2 lists four sunken wrecks
near Rockaway Inlet entrance or in the inlet itself. The inlet is also
obstructed by a shifting sandbar.

5.3.4 Military Ocean Terminal, Bayonne Annex

Military Ocean Terminal, located on the western side of Upper Bay, 1s well
protected from ocean swell and wind waves, but is somewhat exposed to winds from
all except the southern quadrant. The low, flat nature of the Bayonne Peninsuia
and Newark Airport to the west offer litt.e wind protection from the west.
Staten Island to the south offers protection from that scutherly direction. The

piers are two feet above the highest recorded surge 1n the area {11 ft above MU W
at Caven Point, 12 September 1960).
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5.3.5 U.S. Coast Guard Piers, Governors Island

The Coast Guard Piers are fairly well protected from both wind and seas
except from a northeast or southwest direction. These piers are subject to
being awash in extremely high surge because of their low deck heights. Currents
in Buttermilk Channel and the probability of debris in the channel during heavy
weather must considered. These piers are not recommended for visiting Navy
ships during storms due to the nature and requirements of the Coast Guard's
mission.

5.3.6 Passenger Ship Terminal

The Passenger Ship Terminal berths are highly recommended as storm berths.
They are well protected from strong east-west winds, although somewhat exposed
to direct north-south winds. The N-S winds may be intensified by channeling
along the Hudson River. There is good depth alongside, but deck heights could
be dwash in severe storms due to storm surge. These berths are normally used
for mooring cruise vessels during the season, and availability would be
controllied by the (ity of New York.

5.3.7 Brooklyn - Port Authority Marine Terminal, Piers 1-12

Prers 1 through 12 are marginally recommended for storm mooring. Wind and
wave protection are fair to good. The inside pier berth (i.e., in Atlantic
Basin} at Pier 12 is the most protected berth. OQutside berths facing Buttermilk
Channel and the East River are subject to damage from floating debris. The
Brooklyn side at the Fast River entrance, despite its appearance as being fairly
well protected by lower Manhattan, was subject to heavy wind/wave battering by
NW winds in the September 21, 1938 hurricane. These piers are controlled by the
Port Authority.

5.3.8 Columbia Street Marine Terminal

The Columbia Street pier appears to be an excellent storm berth., Located
on the eas’ side of the Ypper Bay in Gowanus Bay, the berths are easily
accessible and have good protection from wave action. Wind protection is
provided by surrounding structures and terrain. The piers are large and deep
berthed, but at 10 ft above MLW, could be awash in severe storm surge. They are
controlied by the Port Authority of New York/New Jersey.

b.3.9 vert blizabeth and Port Newark

bPorts tlizabetn ind Newark are colocated in Newark Bay and are similar n
size and function, HBo*h are large, modern terminals hendling primarily general
and container Larjo. fThe terminals are sowewhat exposed to high winds due to

the generally surrouniting flat tevrain (Newark Aveport to the west and Newark

Bay to the cast); however, tonstruction on the wharves offers some N-5 wind
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protection. Fetch across Newark Bay is limited, so wind/waves buildup is
restricted. Although the berths should provide good storm berths, they are not
recommended as primary choices due to heavy commercial traffic and the difficult
access route to reach them. Port Elizabeth is controlled by the Port Authority
of New York/New Jersey and Port Newark is controlled by the City of Newark.

5.3.10 Howland Hook Container Terminal

Howland Hook on the northwest side of Staten Island at the northern
terminus of Arthur Kill is a modern wharf, It is somewhat well protected except
i from a north to northwest wind., Withonly 7 ft of deck height above MLW, the

wharf is subject to severe inundation during major storm surge; Hurricane Donna
caused 11 ft surge in the area. The terminal handles heavy commercial traffic,
has difficult access, and is not recommended for storm berthing.

5.3.11 Former New York Naval Shipyard

Located 1.7 miles up the East River from Upper Bay in Wallabout Basin,
these three piers are well protected from both wind and wave action. However,
access to the piers may be a problem due to harbor congestion and the tricky
currents in the East River (see Coast Pilot 2). Late arrival after winds and
seas have picked up will increase navigation problems. These piers provide good
storm berthing with possible inundation during heavy storm surge. The City of
New York and the U.S. Navy own these piers.

5.3.12 South Street Seaport Museum

The South Street Seapourt Museum is not recommended for storm berthing.
Pier 16 normally has three p:rmanently moored vessels on exhibition and Pier 15
berths two barges. Strong East River currents, heavy local traffic congestion
and the possibility of one of the permanently moored vessels or barges breaking
moorings during heavy weather make this a questionable berth during a storm.

5.3.13 Fort Schuyler

Fort Schuyler, at the extreme western end of Lonyg Island Sound, is located
on a slender, low, flat peninsula beneath the Throgs Neck Bridge. Although the
pier deck height is 10 ft above MLW, heavy storm surge such as was recorded with
the 21 September 1938 hurricane would place the piers approximately 5 ft
underwater. This, plus exposure to winds from all quadrants, make the piers
poor hurricane berths. They are not recommended.

5.3.14 Use of Anchorages

Lower Bay is a large, exposed expanse of water, It is not recommended as
an anchorage for any wind conditions above gale force. Gravesend Bay {Anchorage
No. 25) with a sand bottom is considered a good anchorage with sufficient
holding for most classes of naval ships up to gale force winds. Anchorage 44,
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off Perth Amboy at the western extremity of Raritan Bay and witn 31 ft depth,
could handle two ships of destroyer size, but is exposed to east winds. The
northern part of anchorage 49F between the northern tip of Sandy Hook and the
tarle piers provides good holding, but is reserved for ships with explosives.
There are several other anchorages in Sandy Hook and Raritan Bay, but due to the
exposed ccenditions and questionable holding they are not recommended.

Upper Bay contains deep-water anchorages off Bay Ridyge (Anchorage No.
21A, B and C) and Stapleton {(Anchorages No. 23A, B and 24). Bay Ridge
Anchorages 21B and 21C are not good holding anchorages in strong west to
northwest winds. 21A is a shallow-water anchorage used primarily for barges.
Stapleton Anchorages are good, natural, deep-water anchorages with good wind
protection provided by Staten Island to the west and good holding.

Anchorage No. 19 on the east side of the Hudson River between 30th and
137th Streets in Manhattan is well protected from east-west winds. Due to
limited holding capability of the bottom, however, ships displacing more than
34,000 tons should not use this anchorage.

There are no general anchorage areas at the western end of Long lsland
Sound. General anchorage is afforded in the sound westward of Norwalk lslands
toward the north shore with good holding in northern winds. There is anchorage
for large vessels in the bight outside Bridgeport Harbor Light with some
protection from northerly.winds, but neither is recommended as hurricane
anchorages.

5.4 RETURNING TO HARBOR

Returning to the harbor after successful evasion at sea can present many
hazards if the storm struck the harbor area with any intensity. There is the
possibility of wrecks in the navigation channels, large floating debris, damage
to piers and general after-storm harbor congestion. Pier damage and/or storm
surge may have disrupted alongside services. There is also the possibility that
channel markers and other navigation aids may have shifted position or otherwise
become unreliable.
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5.5 ADVICE FOR SMALL CRAFT

Small craft should be removed from the water and tightly secured well above
possible storm surge levels., BeSt protection is inside some type of storage
building to prevent possible damage by flying objects or to prevent the
possibility of broken tie-downs in high winds. Local knowledge is the best
guide to weathering a storm in local harbors; the New York Harbor complex has
many small harbors, coves, inlets, etc., which might provide protection in heavy
weather. Look for good wind protection, and be aware of the local storm surge
water heights in allowing enough mooring-line slack. &Exceptional anchor weight
should be used to prevent dragging in high winds; small craft that have broken
their lines or are dragging anchor can pose a danger to other moored craft.
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XVIL. PHILADELPHIA. PENNSYLVANIA

SUMMARY

Thrs study concludes that the Philadelphia harbor 15
a haven from hurricanes. Pniladelpnia's distance from the
open ocean via both the most direct overland route and along
the Delaware Bay/River estuary provides protection :or the
harbor from both wind and storm surge extremes. Local
flooding can occur, however, as a result of the combined
effects of heavy precipitation and runoff, tidal action, and
the piling up of water 1n the Delaware Bay/River under
strong southerly winds.

It 17s reccmmended that U.S. Navy vessels, with the
exceptiun of those at the Navy Yard finger pilers, remain at
their regular berths and take prescribed measures to ensure
protectron of 1i1fe and property. Ships at tne finger piers
that can be moved should be reberthed 1n the Reserve Bas n.

There are no hurricane anchorages 1n the Delaware
River, whose bottom 15 soft mud. However, anchorages 1n the
lower Delaware Bay have been used by as many as 20-30 ships
during a period of hurricane force winds,

1. GEOGRAPHIC LOCATION AND TOPOGRAPHY

The port of Philadelphia 1s located on the Delaware River approximiately
45 nm1 above the Deiaware Bay and 87 nm1 frar the Atla tic Ucean. Jistances
are measured along the 40 ft deep federal project channel, which extuends fram
the ocean along the main channel 1n Delaware Bay and River to the Philadelphia
Naval Shipyard at mile 8l. The channel continues upriver to the Trenton Marine
Terminal (m1le 115), with aminimum depth of 25 ft.

The Delaware River flows 1into Delaware Bay at a point arbitrarily Jdefined
by the legislatures of Delaware and New Jersey as a line between Liston Point,
Delaware, and Hope Creek, New Jersey (see Figure XVII-1). From the mouth of
the river, Delaware Bay extends southeastward approximately 42 n m1 to the
Delaware Capes and the Atlantic Ocean. The Naval Base iand the Philadelphia Naval
Shipyard are at the junction of the Delaware and Schuylki1l]l Rivers approximately
6 nmisouthwest of the center point of the port of Philadelphia and 81 n mn
(along the main channel) from the Atlantic Ocean. Figure XVII-? shows the area
of Philadelphia, the Delaware and Schuylk11l “ivers and the Naval activities

This hurricane haven evaluation was prepared by
R. E. Englebretson and J. D. Jarrell of Science
Applications, Inc. (SAI1), Monterey, CA 93940.
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The entrance to Delaware Bay from the Atlantic Ocean 1s from the southwest,
The entrance is about 10 n mi wide; Cape May, an extensive peninsula, 1% ¢r the
northeast side and (Cape Henlopen is on the southwest side. txtensive Shoais
exist 1n the Bay entrance, particularly 'n the northern and central porticons.
The entrance channel for deep draft vessels is near Lape Henlopen. he tupl-
graphy of the surrounding land area is very flat with few points adove (UL tU,
The majority of New Jersey east of the Delaware Bay anad River 15 .ess than 40 t1
above MSL.

The Delaware River extends northward frum tre Uelsw:re 13y and then north-
gastward to the Philadelphia area. 'n tne immediate vicinity ot the
Philadelpnia Naval Base, the river charrel 15 0rtent: ¢ €asl-west.

The extensive shoating of Delaware Bay greatly uamrens any waves or stere

surye yenerated by the open ocean., The distence 1r1ana to Pryleleipn a tarnor,

the naturc! barrier provided by the coatinentai coastitne, art tre rnign "stliltude
all combine to l1mit the tnreat of h@r"'\cmv force wirld reg B, e nizolo v
area.

Flooding 15 tne wmajor prosien related tu tropile. .y ones "0 0w
Philadelphia area. The flat topography of the region grves "t o »ooe 1 tne
river bed, whicn jruduces a tiaal range of nearly o ft in tne < soe 0
harbor. Tidal action, storm surye and run-off auring storse Cur s tin: ©o

produce tnreateninyg tivod levels.

The upen oceadan approdacnes to Celaware Bay nave few cnstruots ore nart
12223 Lape May to Fenwick Island).* The 20 fathom curve Y5 auoLt 27 0 m)
ottsnore. ULepths insirde the 20 fathoi curve are 1 regular, Nowe,y2r ond Jdeep-

agraft vessels should be sure of thelr position betore appruyeching 10 er than
dgeptns of 12 fatnoms.

Delawdre Bay has many shoals as shallow as o ft (hart 1Z2:038 Jelagware “ay
and there dare extensive shoal areas close to the main cnannel, The hay hgs
natural depths ~f 50 ft or more for about v n mY above the entrance, and then g
federal project channel depth of 40 ft to beyond the naval facilities at
Philadelpnia. The naval facilities are located at the junction ¢f the
Schuy'kill and Delaware Rivers (Chart 12313 Delaware River, Philadeiphia anu
Camden). Tnere are naval anchorages in Delaware Bay and the Delaware itver as
well as at the Philadelphia naval facilities. WbDetails are given un the

followiny charts:

{1} (Lhart 12313 Delaware River, Philadelphia and Camuen
(2)
(3) Chart 12311 Delaware River, Smyrna River to Wilwington
(4) Chart 12304 Delaware Bay

() thért 12214 Cape May to Fenwick [sland

Chart 12312 Delaware River, Wilmington to Philadelnhia

* ... foast Pilot 3.
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2. HARBOR FACILITIES

Pprladelphia vs 4 majur J.5. i ort comprising the navigadble waters of tne
Jelawdre ana Schuylkili Rivers, uUn the Delaware River the municipal limits
extend frum Yort Mifflin un tne south to Poquessing (reek on the north, a

i1stance of about Z0 n mi, The port handles large guantities of general cargo
1nodotn toreign and domestic trade.

A tederal project channel 40 ft deep is the nain channel from the sea
through Jelaware Bay and River to the Philadelphia Naval Shipyard at Mile 21.
The channel continues, with a minimum depth of 37 ft, up the Delaware River to
the U.S. Steel basin opposite Newbold !sland at Mile 110. Dredging depths to
2> ft contiynue upriver to the Trenton Marine Terminal at Mile 11%.

There are two fixed bridges over the Delaware River below the Haval
Shipyard. Tne Jelaware Memorial Bridge at Mile 60 has twin suspension spans
cver the main channel with a clearance of 183 ft for the middle 800 ft. The
commodore Juhn Barry Bridge at Mile 71 has a clearance of 131 ft for a 1600 Tt
width over the main channel,.

Philadelphia has more than 45 deep-water plers and wharves along its
Delaware ana >chuylarll River waterfronts., Most of the Schuylkill River facili-
ties a-e used to handle bulk petroleum products. The general cargo piers and
wharves are mostly 3-8 n mi beyond the Naval vhipyard on the Jelaware River.

The {nas. Guard Captain of the Port Station is located at Gloucester, New
Jersey; the M-rine Inspection Uffice, Coast G rd, is in the Custom House,

Pniladelphia.

2.1 NAVAL FACILITIES

The major Naval activities in the Philadelphia area are Naval Base,
Philadelphia, and the Philadelphia Naval Shipyard. The Commander, Naval Base
Priladelphia (COMNAVBASEPHILA), has been designated SOPA (ADMIN), Philadelphia.

The Port Services Officer under the Commnander, Philadelphia Naval Shipyard
(COMPHILANAVSHIPYD), 1is responsible for ensuring that all appropriate part
services dare rendered to -ships under neval control in the Philadelphia area,
this includes assignment of berths and anchorages, and use of piers. Assignment
of shipyard berthing is made by the Naval Shipyard Berthing Officer.

2.2 NAVAL BERTHS AND ANCHORAGES

Figure XVII-3 shows the piers and wharves of the Philadelphia Naval
Shipyard. Table XVII-1 provides lengths and least depth alongside information.
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Length Least Depth Alongsidel.
Pier (Feet) {(Ft at MLW)
1 390 £. 18.C
W. 18.0
2 894 E. 32.0
W. 30.0
4 1140 E. 33.0
W. 36.0
Table XVII-1. Piers located at 4A 390 25.0
the Naval Base. E and W refer
to east and west side of piers. 5 778 &' gg'g
Piers A through F are Tocated . z
within the Reserve Basin. See 6 970 £E. 30.0
above figure for locations., W. 30.0
Dredged depths are 30'-Piers 6A 225 £. 22.0
1, 4A, A, B, C, D, E, N W. 25.0
(wharf), B8 and B9*; 35'-Piers - -
2E, SE, 6; 40'-Piers 2W, 4, 5W. A Collapsed £. 21.0
*West of damage control center. Collapsed . 21.0
W. 21.0
C Collapsed E. 21.0
W. 21.0
D Collapsed E. 21.0
XVII-6 £ 720 t. 19.0
F 600 25.0
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Tidal conditions require that ships entering the Naval Shipyard for
berthing arrive at assigned times. Destroyers or smaller ships are not
restricted by tidal conditions in berthing at the shipyard. Berthing of nraval
auxiliaries and large-type ships is restricted to the following:

(1) Piers 2£, 4E, 5t, and 6E: 1/2 hour after flood tide begins,
(2) Piers 2W, 4W, and 5W: 1/2 hour after ebb tide begins, and
{(3) Pier 6W: berth only on slack or ebb tide.

Visiting Navy ships normally use Penn's Terminal which is about 6 miles
above the Shipyard on the left bank. Those ships that cannot pass under the
Walt Whitman Bridge (150 ft vertical clearance) use the Parker Avenue Terminal
about 3 miles above the Shipyard. (Terminals are not shown in Figure XVI11-3.)

2.3 TUG AVAILABILITY AND PILOTAGE

Tugs are available for all Navy ships of destroyer-escort size and larger,
berthing at the Naval Base. Ships smaller than destroyer-escorts may request
tug services at their option.

A large fleet of commercial tugs up to 2040 hp 15 available at
Philadelphia. In general, however, most vessels make the run from the sea to
Pniladelphia under their own power.

Pilots are not compulsory for U.S. Navy ships, but are recommended, except
in cases where the commanaing officer is familiar with the riVer, current
hazards, and instructions. Docking and Naval Shipyard pilots are available and
should be used for all ship movements at the shipyard.

Pilotage on Delaware Bay and Delaware River is compulsory for all foreiyn
vessels and U,S. vessels under register in the foreign trade. Pilotage is
optional for U.S. vessels in the coastwise trade that have on board a pilot
licensed by the Federal Government for their waters. Pilot services are
available 24 nours = day. Pilots board incoming vessels from the pilot boat in
the pilot cruising area off Cape Henlopen.

2.4 NORMAL TIDE AND WEATHER CONDITIONS

A factor of 4 hours 45 minutes standard time, or 5 hours, 45 minutes day-
light saving time, applied to the slack water time at the entrance to Delaware
Bay, nives the local time of the momentary slack water in the channel off the
shipyard. Maximum current velocities averaging 2.2 kt can be experienced off
the shipyard. The mean range of tide is 5.9 ft at Philadelphia.

Ihe proximity of NDelaware Bay moderates the Philadelphia area winter
temperatures. Lonyg periods of cold weather are rare, with below zero
(Fahrenheit) readings occurring only every few years. Due to the maritime air,
humidity 1s high in the summer and foy can be expected in fall and winter,
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Prevailing wind directions are from the southwest in summer and from the
northwest in winter. Destructive force winds are quite rare. The strongest
summer winds occur mostly as gusts during thunderstorms. In winter the highest
winds occur following the passage of cold fronts and/or low-pressure Systems.
Rarely have hurricanes caused widespread damage, then primarily through

flooding. Flood stages in the Delaware River are ctaused by abnormaily high
tides due to the water "backing up" under the influence of strong south or

southeast winds.

3. HEAVY WEATHER PLANS

[Information regarding hurricanes and destructive storms is received by
COMNAVBASEPHILA and is relayed to SOPA who inturnwill relay to all ships.
Ships in the area, unless otherwise directed by competent authority, will ride

out storms and disturbances at their regular berths.
Appropriate measures should be taken to protect life and property. Advance
preparations should include:

{l) Al ships, if possible, make preparations for getting underway.

(2) Put out additional mooring lines or wires and chains as necessary, and
even up strain on all lines.

(3) sSet required material conditions and secure all loose year, canvas,
rigging, etc.

(4) In the case of a local disaster, ships present at the Naval Shipyard
will take actions in accordance with the Naval Base, Philadelphia Disaster
Control Plan 3.

The National Weather Services VHF-FM radio stations provide mariners with
continuous FM broadcasts of weather warnings, forecasts, radar reports and
selected weather observations. VHF-FM radio stations with reception ranges of
up to 40 miles that provide broadcasts for the Philadeiphia-Delaware Bay
area are KIH-28 Philadelphia, PA, 162.475 MHz; and KHB-38, Atlantic City, NJ,
162.40 MHz. Additional information on Coast Guard, commercial and Nationa!
Weather Service weather broadcdsts is in the Appendix of Coast Pilot 3 and in
the NOAA publication "Worldwide Marine Weather Broadcasts.’

3.1 TUG AVAILABILITY

The Philadelphia Naval Shipyard has two 500 hp docking tugs available for
use in the shipyard. The Navy contracts with commercial companies for all other
tuyg support. There are 25 to 30 tuys up to a size of 2200 hp asvailable in the
port. Nhi!eltug availability is adequate, it should be noted that there are no

dedicated commercial tuys for Navy ships.
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Arriving ships may confirm avaitability of tugs by contacting “Command
Control,"” Pniladelphia, on 2716 kHz or VHF channel 13 (1%6.65 MHz} or channel ¢35
(157.15 MHz)} about one hour prior to arrival. Commercial tugs for towing or

docking on the Delaware River are usually engaged at Wilmington or Phillusde.pnidg.

3.2 HURRICANE BERTHING

)

Berths in the Reserve Basin are the most protected si1tes wilhin the “avai
Shipyard and are considered suitable hurricane berths. The >hipyar: finge-
piers and the dry docks along the north bank of the Delaware R1ver are subject
to flooding, and are not considered suitable as hurricane berths. Ship uwovement
from these finger piers can close the river channel for one to twu hours. both
terminals normally used by visiting Navy vessels, Penn and Parkar Avenue,
provide suitable berthing during high winds as long as proper procedures are
followed.

In general, all substantial piers and wharves in the Philade!phia harbor
are caonsidered adequate for berthing during tropical cycleone passaije as long a5
appropriate high wind/high water precautionary action 15 taken.

3.3 HURRICANE ANCHORAGES

There are no anchorages in the Philadelphia region of the Delaware River
that have adequate holding for use in hurricane winds. It 15 not uncommon fur
merchant ships to drag anchor and run aground on the mud shoals during 50 kt
winds in winter., The lower Delaware Bay however, offers anchorage dreas suit-
able for use during high winds. Experienced pilots indicate they nhave on
¢

occasion observed 20 to 30 ships at anchor in the lower Bay during occurrence .
hurricane force winds. (See chart 12304 for anchorage detdils.)

3.4 HURRICANE PLANS AND PREPARATION

The Commanding Officer of the Coast Guard Station, as Taptain of the Port,
is responsible for the safety of all vessels and waterfront faciviit es eacept
Navy vessels and facilities. The NAVBASEPHILA Heavy Weather instruction and
PHILANAVSHIPYD Destructive Weather Plan provide direction and qguidance for HNavy
units in the Port of Philadelphia during tropical cyclone events.,

The Delaware River Ports’ Council for Lmergency Operations, turmed 1n 19h1,
is 4 somewhat unique organization. It p-ovides a structure under which the
resources of state and local governments and the mtlitary commands of the dred
can be directed as a coordinated response Lo omergen.y Situations, Lontinuing
liaison among the various civilian and military activities 15 maintained. The
Council's area of responsibility extends along the Delaware River from Trenton,
NJ, to the Atlantic (cean Capes of eldware Bay. This organtzatron will

coordinate with (Coast Guard and Navy responses during emergency sttuations.,
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4. TROPICAL CYCLONES AFFECTING PHILADELPHIA.

4.1 INTROOUCTION

Pniladelphia, being north of the climatological zene of tropical cyclone
activity and lncated more than 50 n m1 from the open ocean, rarely experiences
the full threat of hurricane damage. Geographically the station 15 just upriver
from the inland end of a converging estuary (Delaware Bay). Flooding 1s the
major concern due to the combined effects of run-off in the raver and storm
surge from the Delaware Bay.

The shape of the Eastern Seaboard provides to some degree a natu:al barrier
for areas north of Hatteras against northeastward-moving, recurving tropical
cyclones. Under certain synoptic patterns, however, tropical cyclones do not
complete their recurvature and 1nstead move rapi1dly northward. When such storms
pass overland close to the west of Philadelphia, the port experiences the

greatest threat of flooding.

4.2 CLIMATOLOGY

For the purposes of this study, any tropical cyclone approaching within
180 n m1 of Philadeiphia 15 constidered a threat. A tropical cyclone 1s
classifired as a hurricane 3f 1t was of hurricane i1ntensity {(winds =64 kt) at any
time during 1ts passage within 180 nm1 of the port of study. 1t 1s recognized
that a few tropical cyclones that did not approach within 180 nm1 may have
affected Philadelphia 1n some way, S0 to some extent this criterion 1s
arbirtrary.

The tropical cyclone season for the U.S. East Coast extends from May to
Noverber., Altnouigh tropical cyclones have occurred 1n the North Atlantic during
all months of the year, all but two tropical cyclones that threatened
Philadelphia occurred from June through November. One tropical cyclone occurred
1n each of the months of February and December. Figure XVII-4 15 amonthiy
summary of tropical cyclone occurrences for the Philadelphia area. Of the 76
tropical cyclone threats that occurred in the 94-year period of record 1886-
1479, 63 {83%) occurred 1n the months of August through October with the peak
threat 1n Auqust and September. Tropical cycl-.nes tha* were of hurricane
intensity at dny time during passage within 180 n m1 of Philadelphia d4lso show 4
marked peak occurrence during August and September with ?6 out of 3b (/%)

occurring during those months,

Frgure XVII-5 drsplays the tropircal <yclones as a functhran of the conpac.
octant from which they approached Philadelphiy; @t 15 evident that the major
threat 15 from the suuth and soutnwest. At average of 0.8 tropical cyclones per
year (or 4 1n 5 years) pass within 180 n m1 of Philadeliphia, while an averaqge of
0.38 per year ‘ar about 1 every third yedar, gre ot hgrricane antensaity at some

point during their passdaye.
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Fiyure XVII-5, Directions of
approach of tropical cyclones
that passed within 180 n mi
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period 1871-1979, Numbers of
storms approaching from edch
octant are circled; percent
figures are percentaijes of
total sample dpproaching
from that octan!
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Philadelphia (near 40°N) is located north of the typical recurvature lati-
tudes (25~35°N) of most Atlantic tropical cyclones. The tast Loast provides
natural protecttion insofdr as nearly all recurving sturms appruaching from the
Atlantyc wither make landfall south of Hatteras of else pass the Philadelphia
dreg oftshore to the Soutneast.

Some storams ovccastunally do not complete tne reCurvature dand are decele-
rated northward, a muvement that typically occurs when an upper level trough 15
located over the eastern bnited States. Climatologically, tnys circulation
pattern 1s more likely to develop during the fall season; theretore, the fast-
northward-moving storm 1s most likely 1n tne latter part of the nurricane
season. september offers the greatest potential for sucr a sturry to threaten

e driea hecduse uf o thiree factors:

1) Jropical Cyilune activity is greatest.
27 forth Atiantic subtropical high pressure Systems 4are strong.
3, An oecanioung deep mid-latitude trough is located Over the La 1 Cuast

durtng this fall “ransition period.

frese tautars —an ¢ombine to modify the normal  =curvature of a tropical
cycioune and steee 1t rcdprdly northward into the Philadelphia area.  Sucn fast-
Moaving tarms tens Ly Tose fess of thelr energy as they pass rapialy over the
Culder water Delweva She nugrth wall of the Gulf Stream, and the coagstal areas.
The taters a0 witn tne rid-latitude trough provides he dtmospheric conditions
Sultadie for Cconversion ot the tropicael cyclone to an extrdatropical storm.
dndes tness o LontiLices o an ointense, fast-moving, wmid-latitude storm frequently
TRV 1.

when Lhese Starus pass over ur Just to the west of Phaladelpnia, the strony
soutnecly adtndg touw over tne Delaware Bay can create a4 storm surge.  Storms o
tnis Lype Lyplogiiy produce heavy rainfall, which further 1ncreases the walve
level 4 the hedd of estaaries such as Nelawdre Bay. The combination of storo
Surge und ratntail run-off creates extreme high water conditions for locdations
ltke Pniladeiphia.

Figures LVi1-6 tnrough XV1{-9 are statistical sunmaries of thredt proba-
prlities basod on tropiocdl cyclone tracks for the [J9-yedr period 1=71-149749,
‘he data are shown scdsonally: the lTight lines representing percent threat for
thne 139 n w1 cirale surrounding Philadelphia, and the heavy lTines yepresent

T [

Approxtimate appredch trmes Lo Phaladelphsa. In Pargure XVIE-, tor eanample,
tropical cy~lone lovated nedar Zh"N, 72%% 1n Hseplember has auout o 20 peroent

thance of passing within [A20 nmy of Priadadelphra and 0t tne speed remalng

tose to o the clvaatolagraal normal, vt will reach the area 1n about 3 to 3 days.
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Figqure XVII-6  Annual probability and CPA Curves for all
tropical cyclones passing within 130 n =1 {shaded civcle;
of Philadelphia, based an data from 1871-1979,

Summarized annually iFigure XVII-6), the primary threat axis to-
Pniladelphia is along the bast Coast through Hatteras and off the wast oot
Florida, then curving southeastward over the Bahamas. Most threat star .
to the east of Philadelphia Over the open ocean.

For date and early season sturms, udctober tnrough June taduee xvil-0 o
major threat axis is from the Gulf of Mexicu then overiand paval e n. toe
Atlantic coast line. The source regron for most of these theegr sty s 2 0

western (Caribbean and the Gulf of Mexico. Stnce 1H46, there have Doeen vy
November-June storms approaching within 120 n my ot Phiiadelphis whiie ~70d
maintaining hurricane force (>64 kt} winds.

During July and August (Figure AVII-2; the near tnregt 15 50 bioaver bang
from the southwest. The primary threat lobe extends ftrot the Soianti  an
secondary threat lobe extends from the Gult of Mexioo.  Mosl storas ccoutyve ayer
water, passing Philadelphia to the southeast, Hy Septeober the threat axas of
probability has shifted completely offshore (figuve XVil-4..

The times to CPA shown in rigures XVII-6 through YVii-9 should be used with
caution: it is not the average storm, but rather the excepltionally fast-moving
storm, that poses the greatest danger to Philadelphya. tirgure XVii-/, for
example, indicates that an Octobor storm located nedar 20°N /Z4YW should reach
Philadelphia in about 4 days. However, Hurricane Hasel of 14-15 October Tieisd

traveled this distance in about 1 1/7 days.
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passayes to the west,
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PHILADELPHIA, PA

Tropical Passage Maximum
Cyclone Date Gust (kt)
l. Agnes 6/22/72 32
. Doris 8/28/71 36
3. Donna 9/12/60 40
4. Flossy 9/26/56 Not Recorded
5. Connie 8/12/55 40 40N
6. Hazel 10/15/54 82 70w
7. Edna 9/11/54 41
8. Able 9/01/52 44
9, No Name 9/19/45 Not Recorded
10. No Name 10/21/44 43
11, No Name 9/14/44 52
12, No Name 10/01/43 Not Recorded

3
6
; JJow . 30w
80w 70w
<= 8
Hazel
. 0 October 1954
<>0 A\

Figure XVII-10. Track segments of the 12 tropical cyclones that produced
sustained winds greater than 22 kt at Philadelphia International Airport,
1943-79, Also shown is the track of Hurricane Hazel, October 1954, the
only tropical cyclone on record to have produced hurricane force winds
{gusts to 82 kt) at the Airport. The dashed portion of Hazel's track
indicates occurrence in this area of sustained winds of greater than 33 kt.
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Table XVII-2. Data on storms of tropical origin that caused anomalous water
level conditions at Philadelphia during the period of 1928 to 1960. CPA is
Closest Point of Approach and SOA is the tropical cyclone Speed of Advance
at CPA. (After D, Lee Harris, 1963.)

Surge Center Center Passed

Date/Name CPA SOA Height Wind East/West !
20 Sep 1928 129 n_mi 17 kt 3.0 ft 40 kt West ?
2 0ct 1929 45 19 4.5 35 West
23 Aug 1933 92 19 N 6.7 45 West
15-17 Sep 1933 141 8 * 2.3 70 East
18-19 Sep 1936 95 16 2.0 85 East
21-22 Sep 1938 115 38 2.9 85 East 'ﬁ
14-15 Sep 1944 92 30 2.1 75 East
CAROL g
31 Aug 1954 107 31 2.6 85 East !
EDNA E
11-12 Sep 1954 153 23 -1.5 90 East :
HAZEL
15-16 Oct 1954 120 42 9.4 70 West
CONNIE
12-14 Aug 1955 69 14 5.0 45 West
DONNA
12 SEP 1960 96 30 3.2 90 East

The exceptional storm tide effects at Philadelphia, however, are primarily
due to local surge development in Del .ware Bay and the retarding effect on river
outflow by the strong southerly winds, The impact of these effects is further
exaggerated by heavy rainfall runoff, The passage of a storm to the west of
Philadelphia provides the southerly wind field over Delaware Bay that is
necessary to create exceptionally high water at the port.

5. THE DECISION TO EVADE OR REMAIN IN PORT

5.1 REMAINING [N PORT PREFERRED

The port of Philadelphia is considered to be a hurricane haven, so
remaining in port is the recommended action. The Penn and Parker terminals and
the Reserve Basin provide suitable berthing during hurricane winds, provided
prescribed measures to ensure protection of life and property are taken. Ships i
berthed at the Navy Yard finger piers that can be moved should be reberthed in
the Reserve Basin.
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The designation of Philadelphia as a hurricane haven is based on the
following factors:

(1) Hurricane force winds associated with tropical cyclones are extremely
rare in the Philadelphia area. The only occurrence during the 37-year period
1943-1979 was during Hurricane Hazel in 1954 when maximum peak gusts to 82 kt
were recorded at the International Airport.

{(2) The distance inland by direct route or along the Delaware Bay/River
estuary greatly reduces the energy of the wind and hence its capacity to create
water waves, as compared to the energy level in tropical cyclones when they
first make landfall.

(3) Evading to the open ocean is a high risk action because:

(a) Under normal conditions it is a 5 to 5 1/2 hour passage from
Philadelphia to the open Atlantic.

{b) The orientation of the coastline in the vicinity of the mouth of
Delaware Bay allows only two alternatives once the open ocean is reached: head
east and cross the likely track of the storm, or head northeast and try to
outrun the storm. Neither is a preferred option.

\c) The 24- and 48-hour mean forecast tropical cyclone position
errors are large, approximately 120 and 360 n mi (see General Guidance, Figures
1-3 and 1-4). Thus decision making becomes even more difficult once the open

ocean 1$ reached.

5.2 RUNNING FOR SHELTER

Ships at sea should give due consideration to their distance from the open
ocean and the space restrictions of Philadelphia's river-type port before
considering running to the Port of Philadelphia for shelter., However, the lower
Delaware Bay provides more direct access from the open ocean and some shelter
from high winds and seas. The Lower Bay historically has been used as an
anchorage area during occurrences of hurricane force winds.

5.3 ADVICE FOR SMALL CRAFT

The universal advice for preparing small craft for hurricane force winds is
to remove them from the water or bottom moor them. The next best action is to
move them into the smallest bays or tributaries possible and allow for extreme
tidal and flooding conditions., During the passage of Hurricane Connie in August
1955, the high water level! exceeded the normal high tide level by about 4 ft.
Table XVI1-2 shows that a storm surge of 5 ft occurred with the passage of
Connie; this storm surge apparently occurred near the time of high tide,
resulting in the high water level, There are no recommended small craft mooring
facilities in the main harbor of Philadelphia (Delaware River channel).
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